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FIELD EVALUATION OF A PASSIVE SAMPLING DEVICE
FOR HYDRAZINES IN AMBIENT AIR

INTRODUCTION

The potential carcinogenicity of hydrazine (Hz), monomethylhydrazine (MMH), and
unsymmetrical dimethylhydrazine (UDMH) has caused concern for the health and safety of the
workers who may be exposed to them. For brevity the term "hydrazines" in this report is used to
mean any of these three hydrazines. The chemical structures of these compounds and their ACGIH

[1], NIOSH [2], and proposed [3] recommended exposure limits are listed in Table 1.

Table 1. Recommended Exposure Levels for Hydrazine Propellants

qomvoun_O. _ _ NIOSH Proposed

Hydrazine t(rc-_k_ 0.1 ppm 0.03 ppm 0.01 ppm

Monomethyl H, .C_ 0.2 ppm 0.04 ppm 0.01 ppm

Hydrazine H)_-N'_

Unsymmetrical H. N_ 0.5 ppm 0.06 ppm 0.01 ppm
" Dimethylhydrazine _ "_

Monitoring of personnel exposure and the work place environment is necessary to insure that
exposure remains below the defined limit a_d to comply with regulations issued in the Occupational
Safety and Health Act of 1970. Two approaches to accomplish this monitoring have been developed
by our group--passive sampling and real-time colorimetric dosimetry. Each procedure has
advantages and disadvantages. The passive sampler traps and stabilizes the hydrazine for later
quantitative analysis; however, it canno +.warn the personnel of exposure in real-time. The
colorimetric dosimeter provides real-time measurements and can warn personnel of a hazardous
condition.

Because the colorimetric dosimeter is directly exposed to the atmosphere its sampling rate

depends upon the motion of the air in front of it. A color indicator could be placed behind a
diffusion barrier but this would reduce its sensitivity by an order of magnitude making it difficult
to read. Thus it is not possible to correlate the exposure of the indicator to the actual concentration
in the atmosphere with any certainty. Ideally the colorimetric and the passive systems could be
combined onto one badge that could provide an immediate warning and a quantitative record for
documentation. Before that can be done each system must be developed independently. This report
deals with development of a passive sampler. The real-time dosimeter wiU be discussed in a separate
report.

ManuscriptapprovedJanuary5, 1990.
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The reactivity of the h_ drazines and their tendency to undergo oxidative decomposition poses
a problem to the development of detection systems. A collection scheme is required with the ability
to stabilize the hydrazines without interfering with accepted analytical procedures [4].

Current methods of sampling involve detector tubes or midget impingers with an acidic

collection solution. These are "active" sampling methods, meaning they involve the use of a sampling
pump to draw the atmosphere through the collection medium. The pumps are bulky and expensive,
increasing the size, weight, and cost of the system, placing undesirable constraints upon performance.

In addition, a power source is required to operate the pump which places a limit on the sampling
period.

Using passive diffusion technology, _e have developed a lightweight, inexpensive, sampler that
can be used to quantitate ppb exposures to hydrazine and MMH. The following section gives a
general description of the sampler and the laboratory tests to characterize its performance. More
detailed descriptions are available [5, 6, 7 and 8]. The prototype was evaluated in the laboratory for
collection rate, sample stability, reproducibility, linearity, and effects of selected interferents and
relative humidity. Following the laboratory characterization, the system was tested at Kennedy Space
Center (KSC) in field locations and conditions where it may find future use.

APPROACH

The prototype sampler consists of a coated polyester collection disk and four plastic pieces which
included z base, spacer, diffuser, and cap, US Patent 4,780,282. Of these four pieces, the diffuser
is the most critical. It controls the col!ection rate and avoids dependence upon the ambient face
velocity. Several design criteria were special for a system design to sample hydrazines. Because of
the low exposure limits of hydrazines compared to most other chemicals, it is necessary that the
badge sample at a higher rate to obtain sufficient sample for analysis. Hydrazines are polar and
reactive precluding the use of metals and most plastics as materials for badge construction. It has

been our experience that machined teflon surfaces are unsuitable for sampling low levels of
hydrazines.

The most desirable form of a personal sampling device utilizes a passive collection scheme. For
an ideal badge design the sampling rate (M) of the passive collector depends only upon the diffusion
coefficient (D) of the analyte as described by Fick's first law of diffusion, equation 1.

M = D (A/L) (C1 - Ca) (1)

Where: A = The area of the diffusion channel;
L = The length of the diffusion channel;
CI= The external (ambient) concentration of the analyte; and
C2= The gas-phase concentration of the analyte at the surface of the collector.

Theoretical modeling was employed during the design of a diffuser. Our design is based upon

the fact that viscous flow is proportional to A2/L; whereas diffusion is proportional to A/L, see
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equation 1. Thus increasing the number of holes on the badge, while keeping the total area of the
holes constant, decreases the viscous conductance without affecting the diffusion rate. Viscous flow
into the badge is due to small pressure differences across the diffuser because of air movement.
Additionally, less turbulence is caused at the badge face by many small holes. The disadvantage of
increasing the number of holes is the increased surface area of the walls of the holes and greater
difficulty in manufacturing the badge face.

Several styles of badge were fabricated and tested. The number and size of holes was varied
while maintaining a constant sampling area. Face velocity experiments were performed on the
machined badges to select the optimum design. A design having a 2.5 cm diameter pattern of 144
1.0 mm diameter holes was selected for its ability to minimize face velocity effects without severely
increasing the detection limit. Designs with fewer, larger diameter holes, exhibited pronounced face
velocity effects.

Tests were conducted with badges machined from polyethylene, polypropylene, and teflon. No
significant material-dependent differences were found. We were concerned with the potentially
detrimental effect of the rough surfaces produced during the drilling of the holes. To minimize this
effect, and to aid in the quality control and mass production of the sampler, it was necessary to have
the badges molded. Moldsavers, Inc. of Miami, Florida was selected as the manufacturer. Low
density polyethylene was the only tested material which could be molded successfully into the desired
badge face having the desired hole pattern. The badge was designed to snap together, allowing the
cap to be snapped on the back of the base during badge exposure and snapped over the diffuser for
storage. The diffuser was designed to snap on the base and to accommodate the cap or a second
diffuser. The design of the badge is shown in Figure I.

The current badge design has 144 one mm diameter holes with a length of 2 mm. Between the
diffuser and the substrate there is a 2 mm deep gap 25 mm in diameter. Based upon equation 1 the
conductance of the badge is 4.65 cm. This results in a theoretical sampling rate of 42, 34, and 29
ml/min for Hz, MMH and UDMH respectively, based upon diffusion constants of 0.154, 0.122, and
0.104 cm2/sec. The measured sampling rate for MMH is 25 ml/min. The theoretical rate may be in

error due the assumption that the value of C2 in equatiou l is zero. By stacking diffusion barriers
on top of each other the sampling rate can be decreased. Colorless polyethylene badges were used
for initial field tests (K01-KI0). Later, black low-density polyethylene badges were used to reduce
effects of exposure to strong sunlight, (tests KIOA-KIg).

The substrate used for the original prototype sampler was a matted polyester drafting film.
Initial tests using this material were promising, later it was found to cause the captured MMH on the

citric acid to slowly disappear. It is believed that the hydrazine slowly reacts with the substrate.
After this discovery, the substrate was changed to Whatman #42 filter paper, which is the substrate
currently in use. In laboratory tests, the filter paper substrate did not affect the storage stability of
the analyte [7]. Citric acid monohydrate was selected as the coating agent. It has desirable properties
as an acid and an antioxidant, additionally it is non-toxic. Using the polyester substrate it was founa

that the preparation of the citric acid solution was critical to obtaining good results. The solution was
made by dissolving citric acid monohydrate in methanol to form a 30% solution. The solution was

aged for one week at room temperature and was discarded after two weeks. If retained for longer

3
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periods, the formation of methyl esters causes significant variations in the coating consistency [5].
Using filler paper substrates, the citric acid solution could be used immediately and stored
indefinitely.

The filter paper disks are coated by immersion in the citric acid solution. Tenon=coated tweez-
ers _re used to remove the disks. Contact with metals is avoided in order to prevent metal ion

catalyzed decomposition of the hydrazines. Large quantities of the coated disks may be prepared and

: stored in a refrigerator (approximately 3°C) for later use. Prepared samplers have been stored for
periods of one month prior to laboratory testing with no effect on performance. Appendix A
describes in detail the techniques used for badge preparation.

LABORATORY TESTING

Test Atmosphere: Generation and Verification. The reactivity of the hydrazines makes it
necessary to generate dynamically the low ppb levels required for testing. The gas generation system,

depicted in Figure 2, can generate hydrazine cor,centrations from approximately 0.i to 10 times the
TLV ( Table 1, ACGIH values) for each compound. Diffusion tubes housed in a constant
temperature bath, and continually purged with 100 ml/min of dry nitrogen generate hydrazines. The
desired concentration is obtained by adjusting the temperature of the bath, size of the diffusion
capillary, and/or the volume of diluent gas.

ROTAMETER

_ I ,u,,,F,E,,j

HUMIDIF!ER

r27
CONTAMINATED
_IR MANIFOLD

Figure 2. Test gas generator schematic.

Conditioned house-compressed air is used as the diluent. The conditioning procedure consists

of passing the house air through a series of demisters, a hot Hopcalite catalyst bed, a reciprocating
dual-tower molecular sieve scrubber, and finally t,.rough a canister containing potassium pet-
mangenate coated alumina (Purafil) and charcoal. The cleaned air is humidified using a stainless steel
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gas washer (bubbler) containing distilled, deionized water. Control of the relative humidity is
achieved by varying both the gas washer head pressure and the ratio of the humidified to dry air.
The moisture content of the air is measured by a hygrometer. Dilution is selected and monitored
using calibrated 0 to IC l/rain mass flow controllers.

The exposure experiments were conducted in three similar glass exposure chambers, one of
which is depicted in Figure 3. They are cylindrical with conical ends. The exha-ast end was

removable to allow insertion of the samplers. Teflon baffles were placed at each end to induce

laminar flow. The internal diameter of each chamber was different in order t6 permit the study of
a variety of face velocities while holding other gas stream conditions constant. Further variation in
face velocity could be attained by varying the flow rate of dilution air in combination with
substituting chambers. Table 2 lists the chambers and the conditions available for testing.

Ground
Glass Teflon

Seal |Baffle (2)

@000000 _/00oo00; 0o:
EX(_ ChamberGlass /(DOgQ©©©O0// "k Inlet

Imm © eemeII
eo¢,oQeeoo/ I ooo©oO©©ll .1

\** ooo,:/// \ o,Qooo2/'

\, gOOOO'_Y_Scale :

Figure 3. Glass exposure chamber used for laboratory badge testing.

Performance Evaluations. The samplers were prepared as described (Appendix A) and exposed
to controlled atmospheres. Typically, four samplers were tested simultaneously. They were placed
in the chamber in a 2x2 pattern (each badge in a pair was at the same axial position in the chamber

but facing outward). Occasionally six samplers were exposed at one time (2x3 pattern). The badges
were mounted on a glass rod suspended between the end baffles of the chamber. This could be done

when the concentration and face velocity of the test atmosphere were adequate to prevent depletion
of the analyte in the gas steam by the samplers. At low flow rates and concentrations we found that
the forward pair of badges captured more hydrazine.

6
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Table 2. Size of the gas exposure chambers and typical conditions.

Diameter Area Flow Face velocity
5.5 cm 23.8 cm2 5 l/min 335 cm/min* (11 ft/min)

9.0 cm 63.6 cmz 5 l/rain 79 cm/min (2.6 ft/w:.)
14 cm 154cm 2 5 I/min 34 cm/min (I.If

* For thesmallchamberthebadgeconsumeda relativelylargeportionof tl'. .: ,: The

facevelocitycalculationswereestimatedusingtheadjustedchamberareg.

A varietyofequivalentcombinationsoftimeandconcentrationwereusedtoprovicleconditions

fortestingthelinearityand reproducil:ilityof thesampler.For example, l hourat600 ppb = 3

hoursat200ppb ,,0.6ppm hours.Exposuretimesrangedfrom0.25to65hours.The concentration
of thetestatmospherewas verifiedbeforeand aftereachexposureexperimentby liquidimpinger

samplesthatwere collectedand analyzedusingcoulometrictitrationor colorimetricprocedures
describedinAppendixB. Inaddition,aThermedicsModel 141-lchemiluminescenceinstrumentand

a MDA 7100paper-tapeinstrumentwereoccasionallyusedtomonitorthegasstream.

Analysisof thesamplerswas performedusingthecoulometrictitrationproceduredescribedin

theanalyticalportionoftheexperimentalsectionand detailedinAppendixB. Itisnotasselective

asthecolorimetricmethod,butitismuch more sensitive[4].Inlaboratoryexperiments,whereno
interferentsareexpected,itisthemethodofchoice.

" The effectof facevelocityupon thecollectionrateofthemachinedprototypediffuserswas
testedina MMH gasstreamwithfacevelocitiesofapproxiraately60,120,240,335,a,_d670cm/min

(2,4,8,II,and 22 ft/min).The testatmospherewas dryairwith200 ppb MMH. The badgeswere
exposedforfivehours.The selectedprototy_diffuserwas testedunderthesame conditions.The

averagemeasuredcollectionratewas 38 ml/minwitha minimum of31 ml/min and a maximum of

45 ml/min [5].Theseresultsareshown inFigure4.

$0

c

,W
30 _.._

w

_2o

I0

0

Figure 4. The Effect of Face Velocity on the Sampling Rate of the Machined Prototype
Diffuser. The outer lines represent 30% error limits.
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The sampling rate of the molded diffuser is approximately 25 ml/min, which is less than that
of the drilled prototype. It was calculated from a series of exposures to MMH ranging from 0.25 to
65 hours, Figure 5. Concentrations of MMH between 170 and 500 ppb were used. Each data point
represents a test consisting of 4 to 6 individual samples. This and additional data were used to verify
the linearity of the sample collection process [5]. The larger sampling rate of the prototype badge is
due to the holes being slightly larger than the one millimeter diameter holes in the molded badge.

C

L3 _ 2 re/meet facQ Velo¢,ty

"_ x 2 6 ft/en,_ Irocg Vlloctty

g ,o
x

r,." •

Z 30 O

c •
_ O

7_

U
..J
<
L_

0 _4 28 42 ,_6 70

_Our_$ Or ExPosuI_E

Figure 5. Sampling Rate of the Molded Badge. The center line is the rate, the outer lines are
30% error limits.

The effects of ammonia, freons, and isopropyi alcohol vapors were investigated and no
interferences were found [6]. In _.:tdition, the collection rate of the dosimeter was found to be

independent of the relative humidity of the exposure atmosphere [5].

The stability of the trapped hydrazines was examined by capping and storing exposed prototype

badgesfor periods up to 62 hours. The storageexperiments were performed on samplescollected
from 200 ppb 8asstreamsof MMH at variousrelative humidities end exposuretimes. Storagetests
wereconductedby storin8the exposedbadles at room temperature and in e refrigerator at 3°C. In
addition, the storage of the extracted solution _'as investigated. Room temperature storage resulted
in a significant loss of armlyte [$]. A loss of 3(_ to 75% of t._0eoriginal value was observed after
storagefor 24 hours. The refrilerated storale or the extract,ion of the analyte extended the storage
stability [8]. This would not allow the badge to be used for long term. low level samplin8. For this
use it is necessary that the analyte be stable at rocm temperature.

Initial investigations of the storage instability focused on the citric acid coating. Its compmi_ion

was ,investigated by mass spectroscopy and HPLC during the two week alin8 process[$]. The
performance of the solutiqn ts e hydrazine trap v,ts also monitored during the same period. Results
were inconclusive.

8
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Variations in the substrate material were investigated. Initially, polyester drifting film was used
as the substrate. This material wetted well with the citric acid solution, ferming a smooth, tacky
film. Glass and filter paper materials were tested with the polyester and the;x performance was

compared. The percentage of ana|yte retained during room temperature storage was greater for glass
and filter paper than for polyester. We speculated that the hydrazine reacted with the ester to fo,,,_
a hydrazone which is not easily removed for analysis. Surface microscopy performed by R. Young
at NASA KSC indicated that the exposed surface of the polyester was mostly silica and not the ester.
The mechanism of analyse loss was not investigated further.

Based on the storage stability data from the substrate study, it was decided to replace the
polyester substrate with 4.25 cm _iameter disks of Whatman #42 filter paper which is readily
available from variou_ chemical supply houses. The disks fit the molded badges, requiring no
alterations.

The exposure linearity nf the badge was tested by exposure to 200 ppb of MMH for times
between 0.25 and 65 hours. "[he test atmosphere was 45% relative humidity (RH) an& a velocity of
79 cm/min (2.2 ft/min). In addition, tests were conducted in "Nhich_he time was held constant and

the concentration was varied between 0.1 and 2 ppm All of the data except a one hour exposure and
a 0.25 hour exposure, fell within the acceptable region, as shown in Figure 6. Fluctuations of the

50
3LACK BADOE. PAPER SUgSTRATE

SUBSTRATE

"..)

30
-2

_ 2C_

0 10 20 30 ,tO 50

THEORETICALug OF"MMH

Figure 6. Linearity of the Resulu Obtained Using the Molde_, nudge, usuminl I collection rate
of 25 ml/min. The center line is ideal 8mumin_, a 25 ml/min sampling rate, the outer
line 30qberror limitx.
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shorter exposures may be due .o disruptio," of the t_st atmosphere when the badge_ were placed .in
the chamber. Adsorption on the badge housing could also be a factor.

FIELD TESTING

Test Locations. Test areas at the Kennedy Space Center were divided into three major
categories based on their potential for hydrazine or MMH exposure: unlikely to be exposed, potential
expcsure, and expected exposure. The locations "+ere selected to encompass the potential field
interfer,-'.ts and the effects they may have upon performance. Locations are listed in Table 3.

]

Sampling. The samplers were pr_pa_,_dby Wiltech Analytical Laboratory at KSC following the
procedure described in Appendix A. A group of badges was retained by the analytical laboratory
to be use as blanks in their analytical procedures. The blanks were stored in a refrigerator. Samplers
¢or field testing were distributed to the industrial hygienist on the work day preceding the test
period+

At each test location, two areas were selected for sampling. A sampling board, holding 12 citrate
badges, was placed at each area by EG&G Environmental Health personnel on Monday mornings.
The badges were uncapped every morning and recapped at the end of an 8 hour work day. At the
end of the sampling period on Monday, Wednesday, and Friday a set of badges was collected for
analysis. A set consisted of four badges from each board. Two badges were coded for coulometric
analysis (A) and two for verification analysis (B). The exposed badges were submitted to the
analytical lab where they were stored in a refrigerator until analysis. In addition, the industrial
hygienist submitted a few unexposed badges designated as field blanks. The coulometric analysis was

• typically perfcrmed the first work day following the submission of the sample.

Table 3. Locations Selected for the KSC Field Testing of the Citrate Sampler

_ate_orv _ Test Number

Unlikely to be Exposed Hanger S Life Support K04
M&O paint shop K03, KI6
EG&G KI4
Beach K l 0

Vehicle Assembly Building (VAB) KJ 1
Lounge

Potential Exposure Hazardous Maintenance Facility K02, K 18
(HMF) 96

Wiltech Labs K01

Rotating Service Structure (RSS) K09, KIOA, KI5
Orbiter Processing Facility (OPF) K 13

Expected Exposure Fuel Storage ¢_! K06

Aft Skirt Testing Facility (ASTF) K07, K0$, KI2, KI7

10
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In addition to the area samples, the citrate badges were also tested as personnel dosimeters.

Typically, two workers were monitored; each wearing two citrate badges, an "A" and a "B'. These
badges were distributed and collected for analysis on a daily basis. Impinger samples (D) were
collected daily at the locations of the sample boards in order to verify the exposure the samples
received using a validated procedure. Air was drawn through a midget glass impinger containing 15

ml of O.l M H=SO4, Prior to and after sampling, the collection rate of the impinger system was
verified to be 200 ml/min using a bubble flow meter. The impingers were submitted to the analytical

laboratory where they were stored in the refrigerator until analysis.

In addition to the citrate badge, a colorimetric dosimeter badge was tested. A description of the

testing of this indicating system is uvailable [5 and 9]. During the field test, three color badges were

placed on each area sampling board on Monday mornings. The dose estimation was evaluated and
recorded daily. The disks ,,,ere collected at the end of the week, stored in zip-lock plastic bags, and
sent to NRL for evaluation. On occasion, selected personnel were also monitored with color badges.

,J They were issued a new color badge daily. The used badge was collected, sealed in a zip lock bag
and sent with the area samples to NRL for evaluation. Further information on the prototype
colorlmetric dosimeter will be presented in a future report.

Firebrick samples were scheduled to be used, in place of impingers, in the field tests conducted
at White Sands Testing Facility (WSTF). Tabulated results from these tests are available in a report

issued by WSTF [9].

The field samples were coded by EG&G using the followir_g label: W - XX - YYY - Z. The
key to the label is: W = location, XX = lot #, YYY = sample #, and Z = type of sample. The key
for Z is: A = citrate, coulometric analysis; B = citrate, verification analysis (PMA colorimetric or
coulometric spike); C = vanillin, D = impinger, and E - firebrick. The analytical laboratory only
received the coded samples. The data pertaining to the collection of the samples were recorded by
EG&G personnel. The analysis data were recorded by Wiltech. Each grou0 independently sent their
data sheets weekly to NRL for compilation. If the analytical laboratory found a quantifiable amount
of analyte they would immediately inform the hygienist and the auditor. This was done to allow
additional information to be collected by the hygienist while the exposure conditions could be easily
recalled.

Citrate Badge Analysis. The coated substrate is removed from the housing assembly with teflon
coated tweezers and placed in a glass container. The analyte is desorbed from the disk with a solvent
designated by the selected technique. Two accepted wet chemical methods are applicable to this
procedure: (I) Coulometric titration miniaturized to achieve the desired sensitivity [I l]; and (2)
Colorimetric method, phosphomolybdic acid, NIOSH approved method #S149. These methods are
detailed in Appendix B, parts 13.3 and 13.2, respectively. The badges were analyzed for MMH
exposure unless otherwise specified.

The coulometric titration was used for the laboratory characterization of the badge performance.
The schematic of this procedure is shown in Figure 7. It involves the electrochemical generation of
bromine from potassium bromide. As the molecular bromine is formed, it instantly reacts with the
hydrazine in the solution. When there is no more hydrazine present bromine will accumulate,
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forming a redox couple with the bromide. When a redox generated current is measured by the
sensing electrode the titration has reached the endpoint. The formula used to calculate the hydrazine
in the sample is given in Appendix B. The coulometri¢ procedure is quick, ____yand sensitive for
analysis of hydrazines, but it is not extremely selective. For the analysis of field samples, the PMA
spectrophotometric _ethod was also used. This method is less sensitive, but more selective.

All the "A"badges were analyzed using the coulometric procedure. If a detectable amount of
analyte wa: found, the duplicate "B"badge was analyzed using one of two procedures. The PMA
colorimetric analysis was used if the amount detected was greater than the PMA detection limit. If

the "A"result was less than the PMA detection limit the coulometric spike procedure was used. In
addition, all the Friday "B"badges were analyzed by the PMA method. The unused "B"samples were
stored in the refrigerator.

BROMINE SENSING
GENERATING ELECTRODE
ELECTRODE

GLASS FRIT

SAMPLE

Figure 7. Schematic of coulometric titration.

Liquid Impinger Analysis. The liquid impinger samples, collected to verify the test atmosphere,
were analyzed by the ASTM para-dimethylamino benzaldehyde (PDAB) colorimetric method. A

copy of the procedure is given in Appendix B (part 8.1 for MMH analysis and 8.2 for Hz analysis).
It is based on the condensation reaction of hydrazines with an aldehyde, Figure 8. In the case of
unsubstituted hydrazine, two moles of aldehyde can react with one mole of hydrazine to form the

azine. The mechanism involves the nucleophilic acldition of the nitrogen base, followed by the
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elimination of water. This reaction is frequently acid catalyzed by protonation of the carbonyl. The

resulting hydrazone absorbs visible light. The ASTM method requires measuring the absorbance

spectrophotometrically at 458 nm. These measurements have been shown to conform to Beer's Law,
where the amount of absorbed light is proportional to the concentration of the hydrazone in the

sample [12].

Vanlllin Color Dosimeter Analysis. The same basic chemistry is used with the real-time color

badge system. In this case vanillin, 3-methoxy 4-hydroxy benzaldehyde, reacts with the hydrazine.
The vanillin is coated on Whatman #42 filter paper and placed in a badge hbusing that has been

modified by cutting away the diffuser section. Hydrazine and MMH present in the ambient
environment are trappe_ on the coated paper where they react with the vanillin indicator; UDMH
does not react with the badge to produce a color. The reaction product is detected by the

development of a yellow stain on the paper substrate. The intensity of the color is related to the
exposure. A color wheel was developed for dose estimation. The dosimeter exposure can be
interpolated from a comparison of the badge color with the wheel containing colors equivalent to
0.07, 0.14, 0.48, 1.1, 3.8 ppm-hours of MMH exposure.

/CH3 N - NH2 H +

O"xC/ N ---_'N--N_---C N _ -- _N--N--C _/CH3
H \CH3 / I \OH 3 I \OH 3H H

8a. 8b. 8c.

Figure 8. The reaction of PDAB, 8a, with a hydrazine to form the hydrazone, $b, that becomes
yellow on protonation, 8c.

This wheel was used by the industrial hygienists to obtain a dose reading on the field samples

(as stated in the sampling procedure). The badges were then sent to NRL. At NRL, the color badges

were visually inspected, exposed to MMH and their performance was compared to a control. The
control was a sample coated at the same time, but never used in the field.

RESULTS

Field Testing. Eighteen tests were conducted in the field at KSC. Data from test five (K05) was

excluded from this report because the samples were left out during a rain storm and were not
analyzed. Retesting of the location was performed in test K06. The white badge housing was used
for the first tests, K01 through KI0. Test KIOA was the first field test to use black badges. The
black badges were used exclusively for test KIOA through KI3. In test KI4 through KI8 white and
black badges were tested side-by-side.
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review of the individual tests conducted at KSC is given in Appendix C. The analysis data
for each test was tabulated and grouped by the sample type described previously in the repot*. The
industrial hygienists description of the test area is included in Appendix D. The following
paragraphs organized by sample type, summarize the results from each test. The data from the field
blanks are included in the summaries. The results from the laboratory and EG&G blanks are not in
the summaries, but are included in the Appendix C tables.

T'r.ST K01

Location: Wiltech Laboratory
Date: November 1987
Category:. Potential Exposure

A) Two of the twenty-two citrate samples, analyzed by coulometry, indicated analyte
present at greater than the detection limit of 0.12/_g. These were not verified by any
other method.

B) The data obtained by the PMA analysis of the citric acid samples are suspected of
contamination.

C) The vanillin colorimetric samples gave no indication of exposure to hypergols.

D) The daily impingers analyzed by PDAB gave no indication of detectable exposure to
hypergols.

TEST KO2

Location: Hypergol Maintenance Facility M7-961
Date: November 1987

Category:. Potential Exposure

A) Five of the twenty-two citrate samples and one blank, analyzed by coulometric
titration, indicated analyte present at greater than the detection limit of 0.12 #g.
Two samples were exposed at levels greater than the quantitation limit. All five were
personnel samples.

B) As in test KOI, the PMA results for the citrate badges are suspect. The analysis was
attempted with and without citric acid added to the standards. The results were still
questionable.

C) No change was noUced on the vanillin color badges.

D) The daily impingers analyzed by PDAB gave no indication of detectable exposure to
hypergols.
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TEST K03
Location: Maintenance and Operations (M&O) Paint Shop
Date: December 1987

Category:. Unlikely to be Exposure

A) Six of the twenty-two citrate samples analyzed by coulometric titration indicated
analyte present at greater than the detection limit of 0.12 pg. Four of these were
personnel samples, the other two were five day area samples.

Two of the personnel samples indicated hypergol exposure above the quantitation
limit of the coulometric procedure.

B) The duplicate badges were analyzed by spiked coulometric analysis. The analysis data
did not match the "A"data.

C) No color badges were available for this test.

D) The daily impingers, analyzed by PDAB, gave no inciication of deter.table exposure
to hypergols.

TEST K04

Location: Hanger S Life Support South Annex

.. Date: January 1988
Category:. Unlikely to be Exposure

A) One of twenty-two citrate samples analyzed by coulometry indicated a detectable
amount of analyte. It was a personnel sample.

B) None of the duplicate samples was analyzed.

C) No change was noted on any of the vanillin color badges.

D) The daily impingers, analyzed by PDAB, gave no indication of detectable exposure
to hypergols.

TEST K06

Location: Fuel Storage Area #1
Date: February 1988
Category:. Expected Exposure

A) Eight of the twenty_two citric acid samples analyzed by coulometry indicated a
greater than detec,able amount of analyte; one was quantifiable.

Area I results were slightly higher than Area II results.
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B) The duplicate samples were analyzed by the coulometric spike procedure. In general
the results correlated well with the "A"badge data.

C) No change was noted on any of the vaniUin color badges.

D) The daily impingers, analyzed by PDAB, gave no indication of detectable exposure
to hypergols.

TEST KO7

Location: Aft Skirt Test Facility
Date: May 1988

Category: Expected Exposure

A) All twenty samples analyzed by coulometric titration indicated levels of analyte
greater than the quantitation limit of the method, 0.4 /_g. Area I samples had
significantly greater exposure than Area II samples and appear to increase by - 4

pg/day. A SCAPE operation was performed on day 3 during the test period, four
samples were expected to indicate hypergol exposure.

B) Five of the twelve samples analyzed by PMA had a detectable amount of analyte. The

results did not mimic the coulometric results of "A'. The badges were originally
analyzed for MMH and the data later corrected for Hz.

C) Three of the vanillin badges indicated exposure to hypergol. The color was initially
noted on only 2 of the 3. Following acidification by HC1 vapor the color of the 2
intensified and the third developed color.

D) The sample collected in Area II on day 3 indicated the presence of hypergol. Again,
the analytical lab was not informed that the analyte was Hz so the samples were
analyzed as MMH.

TEST KO8

Location: Aft Skirt Testing Facility
Date: May 1988
Category. Expected Exposure

A) All of the citrate samples analyzed by coulometry indicated exposure to hypergols.
All but 2 results were greater than the quantitation limit of 0.4 #_. Results from Area
I were significantly greater than Area II.

B) The duplicate citrate samples, analyzed by PMA, did not verify any exposure
information.

C) No change was noted on any of the vanillin color badges.
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D) The daily impingers analyzed by PDAB gave no indication of detectable exposure to
hypergols.

TEST K09

Location: Rotating Service Structure
Date: June 1988

Category: Potential Exposure

A) All of the citrate samples analyzed by coulometry indicated exposure to hypergols.
All the results were greater than the quantitation limit of 0.4/_g. Results from Area
I were greater than Area II. Blind blanks also indicated exposures.

B) The spectrophotometer was broken. The "B"samples were analyzed by coulometric
spike procedure. The spiked results correlate well with the corresponding "A"
samples.

C) Four samples indicated a slight exposure to hypergols. All these samples were in Area
I with the dose increasing daily.

D) The samples from day I of each area indicate a slight exposure to hypergol.

TEST KI0
Location: Beach Location

Date: July 1988
Category:. Unlikely to be Exposed

A) Area samples indicated a high exposure. No hypergols were in this area. The
indication must be due to an interferant. The capped blank samples also indicated
interference in the coulometric method.

B) The PMA samples did not verify any MMH exposure. The results were all below
detection limit.

C) One sample had a slight coloration.

D) The daily impingers analyzed by PDAB gave no indication of detectable exposure to
hypergols.

TEST K 10A

Location: Rotating Service Structure
Date: January 1989

Category: Potential Exposure

A) This was the first field test conducted using the black badges. Four of the eighteen

citrate samples analyzed by coulometric titration gave a response greater than the
detection limit. None of the results were equal to or greater than the quantitation
limit.

17

1990015370-020



B) Two of the citrate badges had detectable amounts of an,_,lyteby the PMA method.
Each of these were 5 day exposure gamples from Area II. One was a sample the other
was a blank.

C) No color badges were available for sampling.

D) The daily impingers analyzed by PDAB gave no indication of detectable exposure to
hypergols.

TEST KI I

Location: Vehicle Assembly Building Break Room
Date: February 1989
Category: Unlikely to be Exposed

A) Twelve of the eighteen citrate samples analyzed by coulometric titration gave
responses greater than the detection limit. Five of the samples indicated quantifiable
amounts. First indication of interference due to tobacco smoke.

B) The samples analyzed by coulometric spike procedure correlated well with the "A"
samples. The samples analyzed by PMA did not detect any analyte.

C) No color badges were available for sampling.

D) The daily impingers analyzed by PDAB gave no indication of detectable exposure to
hypergols.

TEST Kl2

Location: Aft Skirt Testing Facility
Date: February 1989
Category:. Expected Exposure

A) Three of the eighteen citrate badges analyzed by coulometric titration gave results
greater than the detection limit. Two samples had quantifiable amounts, these were
six day exposures in Area II.

B) No exposure was verified by PMA analysis of the duplicate citrate badges.

C) No color badges were available for sampling.

D) The daily impingers analyzed by PDAB gave no indication of detectable exposure to
hypergols.
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TEST KI3

Location: Orbiter Processing Facility
Date: Marc;_:1989

Category:. Potential Exposure

A) One sample from the eighteen placed in Areas I and II had a detectable amount of
analyte.

B) The duplicate samples from area I and 1I did not detect any analyte.

C) No color badges were available for sampling.

D) The liquid impinger samples from the second day detected slight exposure.

TEST K13A

Location: EG&G Roof, Horizontal Placement
Date: March 1989

Category. Unlikely to be Exposed

A) Six of the nine samples had quantifiable amounts of analyte. The samples that did not
indicate exposure were 3 capped blanks.

B) None of the samples were analyzed by an alternate method. "Ihe five samples
analyzed by the coulometric spike procedure gave similar results to the corresponding
"A"samples.

C) No color badges were available for sampling.

D) No impinger samples were collected from the area.

TEST K 14

Location: EG&G Environmental Health Roof and Remote Antenna Site
Date: May 1989

Category: Unlikely to be Exposed

A) The citrate samples in black badges indicated quantifiable amounts when placed in
both the vertical and horizontal positions. The results from the samples in a horizontal
position were much greater than the vertical. The vertical black badges in area 1 and
2 had equivalent results. The black badge blanks did not detect any analyte.

The white badges were only placed in the horizontal position. All the samples gave
extremely high results, including the blanks.

13) The only samples to indicate analyte were the white badge samples placed in a
horizontal position.

19

1990015370-022



C) No colorbadgeswereavailableforsampling.

D) No impingers collected. No hypergois were anywhere in the vicinity so no
verification was needed.

TEST K 15

Location: Rotating Service Structure, 39B
Date: August 1989
Category:. Potential Exposure

A) All twelve of the white badges indicated detectable amounts of analyte, nine of the
results were above the quantitation limit.

One of the eighteen black badge samples indicated a detectable amount of analyte.

B) None of the samples analyzed by PMA detected any analyte. The samples analyzed
by the coulometric spike procedure gave similar results :o corresponding "A"samples.

C) GMD prototype badges were used for the color dosimeters. They contained two
exposure windows, each with a different indicator. The upper window used PDAB
and the lower window used Vanillin. The vanillin section did not indicate exposure.
The PDAB section developed a slight yellow color; the reaction product formed by
exposure to hydrazine is an orange-red.

D) The daily impingers analyzed by PDAB gave no indication of detectable exposure to
hypergols.

TEST K 16

Location: M&O Paint Shop
Date: August 1989
Category: Unlikely to be Exposed

A) The white badges consistently gave high results for the coulometric analysis. Four of
the sixblackbadgesindicatedslightexposurewith one resultgreaterthan the
quantitationlimit,

B) Threeof thewhitebadgesamplesanalyzedby PMA indicatedexposure,

C) The colorbadgeswere notusedduringthistest,

D) No liquid impinger samples were taken during this test.
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TEST KIT

Location: Aft Skirt Testing Facility
Date: August 1989
Category:. Expected Exposure

A) The white badges consistently gave high results for the coulometric analysis. Nothing
was detected by the black badge samples.

B) None of the sample analyzed by PMA detected any analyte. The samples analyzed b3

the coulometric spike procedure gave similar results to corresponding "A"samples.

C) GMD prototype badges were used for the color dosimeters. They contained two
exposure windows, each with a different indicator. The upper window used PDAB
and the lower window used Va,_din. The vanillin section did not indicate exposure.
The PDAB section developed a slight yellow color; the reaction product formed by
exposure to hydrazine is an orange-red.

D) The daily impingers analyzed by PDAB gave no indication of detectable exposure to
hypergols.

TEST KI8

Location: Hypergol Maintenance Facility M7-961
. Date: August 1989

Category. Potential Exposure

A) The white badges consistently gave high results for the coulometric analysis with the

exception of day one in Area 1. The black badges did not detect any analyte.

B) None of the sample analyzed by PMA detected any analyte. The samples analyzed by
the coulometric spike procedure gave similar results to corresponding "A"samples.

C) GMD prototype badges were used for the color dosimeters. They contained two
exposure windows, each with a different indicator. The upper window used PDAB
and the lower window used Vanillin. The vanillin section did not indicate exposure.
The PDAB section, of the badges issued for day two, developed a slight yellow color;
the reaction product formed by exposure to hydrazine is an orange=red.

D) No liquid impinger samples were taken during this test.

Details of the results of tests performed at NASA, WSTF are liven in separate report [10]. In
general, high results were obtained on colorless badge samples exposed to sunlight that were analyzed
by coulometry but not with a WSTF ion chromatosraphy method. W'I'SFfound that the black badge
provided adequate protection from sunlight exposure. A slight decrease in the concentration of a
spiked sample was observed.
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C .... ty A,uraoce and Quality Control (QA/QC). To verify the profi:iency of the
analytical laboratory, a set of spiked samples were incorporated into the field test. These badges
were prepared at NRL. They were theQ given to the industrial hygienist for random, blind
incorporation. Table 4 de_aJis the exposure of the spiked samples. The theoretic,-I loading of the
badges was calculated and kept as proprietary information by the auditors.

Table 4. Spiked Citrate Samples for QA/QC

Sample Spiked Co,',c. Duration Volume** PB /_g Analytical
Number with (ppb) (hrs) (1) Spiked Found Method

874 MMH * 4.6 6.9 |.7 1.7 Coui
875 MMH * 4.6 6.9 2.9 2.5 PMA

880 MMH * 90.6 136 28 26 Coul
881 * 90.6 136 37 24 PMA

898 MMH * 16 24 5.6 5.4 Coul
899 MMH * 16 24 7.4 5.2 PMA

902 MMH 0 0 0 0 0 Coul
903 MMH 0 0 0 0 nd PMA

1001 MMH 500 67.5 101 95 >87 Coul
1002 MMH 500 67.6 101 95 >27 Coul

1007 MMH 214 16 24 9,7 6.2 PMA
1008 MMH 214 16 24 9.7 11.4 PMA
1009 MMH 2 !4 16 24 9.7 9.0 Coul
1010 MMH 214 16 24 9.7 ! !.1 Coul

1014 MMH 235 5.5 8.3 3.7 2.3 Coal
1015 MMH 235 5.5 8.3 3.7 4.3 Coui
1016 MMH 235 5.5 8.3 3.7 6.4 PMA
1017 MMH 235 5.5 8.3 3.7 3.9 Coul

1021 Hz 6_ 5.5 8.3 1.0 1.1 Coui
1022 Hz 65 5.5 8.3 1,0 3.9 PMA
1023 Hz 65 5.5 8.3 1,0 3.9 Coul
1024 Hz 65 5.5 8.3 1.0 1.9 Coal

• Cone. unknown. Amount spiked was determined by analysis of duplicates at NRL.
• °Assuming collection rate of 25 ml/min.

The results from the 8malysis of the spiked samples lurelisted in Table 4. The analytical methods
used were the coulometric titration procedurt (Coul) and the PMA colorim_tric procedure. The
industrial hygienist did not inform the analytical laboratory that some of the samples were to be
analyzed for Hz instead of MMH. Because of this. the analytical laboratory analyzed all the samples
for MMH exposure. This would not effect the coulometric titration results, but the colorimetric
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results could be off for the hydrazine samples. T_erefore, the PMA results are of questionable value
for sample 1022.

DISCUSSION AND CONCLUSIONS

Laboratory Test. The molded polyethylene badge provides an excellent housing for the
collection disk. The diffuser minimizes face velocity effects and establis_--_ a collection rate of 25

ml/minute for MMH. At this sampling rate, detection of MMH a, a concentration of 200 ppb MMH
requires a ten minute exposure when analyzed by the coulcmetric titration procedure. An uDDer
detection limit, or saturation limit of the badge, has not been defined. Quantifiable data was
obtained from exposures to 200 ppb MMH for 65 hours. Since the badse is simply the collection
media, the detection limits of the sampler ate dependant upon the analytical method selected. The
couiometric procedure is much more sensitive, but less selective than the available colorimetriv
methods. If better analytical methods were available, then the detection limit could be decreased.

The badge is a simple plastic design and its current production cost is less than $0.25. Assembly
of the badge is simplified by its ability to be securely snapped together. The resuitis,g badge is
durable and lightweight. The_e are d.*sir3ble qualitie _. for a disposable personal dosimeter. The

laboratory performance of the original white badge housing and the black badge modification was
acceptable.

The room-temperature instability of the analyte on the original prototype badge was improved
by replacing the substrate material used for the collection disk. The original polyester substrate
experienced a loss of analyte, decreasing by 30% to 75% in a period of twenty-four hours [5]. The
new filter paper substrate has exhibited no significant loss of the analyte for periods of 7 days at

room temperature [8]. Long term storage is possible with either system, polyester or paper, if the
sample is stored in the refrigerator or extracted and stored as a solution.

The effects of ammonia, freon$, and isopropyl alcohol vapors were investigated and no
interference effects were found. In addition, the collection rate of the dosimeter was found to be

independent of the relative humidity of the -.xpo_ure atmosphere.

Reid Test. The performance of the white badge housing usina the filter paper s,_bstrate was
acceptable for sampling in locations with no sunlight exposure. The sunlight interference was noticed
in both coulometric and colorimetric analysis. The effect is much greater when the coulometric
analysis is used. Both field tests conducted at KSC and WSTF indicated ate sunlight interference
effect.

To avoid this interference the badge was w-,-_dified. The same U_GIdw_ used to manufacture

the sampler, but black polyethylene was used. By substituting the black housing for the white
housing it i= possible to _tse the badge in bright sunlight ir care is taken no: to point the ba ",_e
directly at the sun for any length of time. The black badge has been field tested and has performed
successfully. Field tests, conducted in the intense summer su_ at Y.SC, indica:ed minimal

interference when used in vertical positions, test KI4. When used in _ horizontal positioe the sun

can penetrate directly through the diffusion holes and interact with the citrate sttrface, interfe:ing
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signii'ic3ntly with the couiometric and colorimetric analysis. As previously mentioned, the effect is
greatest with the coulometric pro-edure. Based on this, we recommend samples that are known to
have been exposed to sunlight be analyzed by the colorimetric procedure. Testing has been
conducted with the black badge at WSTF. A revert containing the results will be issued in the near
future. WSTF has informed us that the black badge significantly reduced the sunlight interference
effect they had observed with the original white badge.

There was one other interference effect noted during the field testing. Badges placed in the
break rooms (lounges), where personnel smoked, exhibited elevated coulometric results, Field Test
KII. The tobacco smoke did not interfere with the PMA analysis of the duplicate badges or the
PDAB analysis of impingers. We recommend colorimetric analysis for samples that have significant
exposuretotobaccosmoke.

Personnelfourldthebadgeeasytouse.Itsdesignallowedittobeworn withoutinterferingwith
onesduties.The analyticalchemistsfound itsimpletoprepareand analyze.Appli:ationof the

badgecouldbesimplifiedfurtherby useofan identification/datasticker.Itwouldhaveanassigned
samplenumber andcontainspacesforexpos'_reinformation.Includedshouldbethedesiredanalyte

(MMH or Hz) and thepreferredanalyticaltechnique,ifany,basedon known exposureto an

interferant.When thebadgeisavailableforroutineuse,,,'._feelitwillbe an assettotheindustrial
hygienistin documentingHz and MMH exposures.However,one must remember thatpassive

systemshaveinherentinaccuracyand resultsmustnotbeexpectedtohaveaccuracygreaterthan30%
of theactualexposure.
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APPENDIX A

Reference 4=0=III Page I of 2 Appendix 13.1

The badge preparation method used by Wiltech Analytical Laboratory are con,piled in the
following Appendix. The method retains its internal Wiltech reference number ',,der the
Appendix title.

13.1 MMH/N2H ( DOSIMETER BADGE PREPARATION

13.1.i Aooaratus

13.1.1.1 Balance, top load.

.2 Volumetric flasks, 100 ml.

.3 Whatman No. 42 filter paper, 4.25 cm

.4 Forceps,plastic.

.5 Kimwipes.

.6 Polypropylene bags, 4 x 4 inches.

.7 Labels.

.8 Bag sealer.

13.1.2 _ea_ents

13.1.2.1 Citric acid, monohydrate, HO2C(OH)C(CH_CO_H)9"H_O, reagent grade.

.2 Methanol, CHsOH, reagent grade.

.3 D.I. water.

13.1.3 Safety - Refer to Section IV of 4-0-111 for safety requiremei,ts and specific hazards,
precautions, and emergency procedures concerning fire (Paragraph 4.4.1 ) and solvents
(Paragraph 4.4.3).

13.1.4 Preoaration of CoatinR Solution

13.1.4.1 Transfer 30 g of citric acid into a 100 ml volumetric flask.

.2 Add approximately 80 ml methanol to dissolve all crystals. Add methanol again to
mark. Mix.

.3 Allow the solution to age for at lease one full week before using. Solution should be
discarded if crystals start to develop in the solution or if the coating applied to the
film dries out or c,ystallizes.

This step is not necessary for badges using paper substrates, see text of this report.
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13.1.5 Assembly of Dosimeter_

13.1.5.1 Wash dosimeter parts with warm soapy water by agitation (do not use brush); rinse
with D.I. water; pat dry. Blow the diffuser with GN 2 to ensure no water is lodged
in the holes.

.2 Pour some of the coating solution into a 250 ml beaker and place the filter discs in the
solution and allow to soak for 5 minutes.

.3 Load the disc in the dosimeter holder, ensuring the disc is free of wrinkles or
scratches. Press the spacer on top of the disc with forceps.

.4 Let the coating cure at room temperature with disc uncovered for 3 to 4 minutes.

NOTE

Cured coating should be sticky and
shiny, not dried out with crystals.

This step is not necessary for badges using paper substrates, see text of this report.

.5 Place the diffuser and then the cover on the dosimeter holder.

.6 Properly label the dosimeter with lab number and data assembled.

.7 Place the dosimeters in a polypropylene bag and store in a refrigerator.
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The badge analysis method used by Wiltech Analytical Laboratory are compiled in the following
Appendix. The method retains its internal Wiltech reference number under the Appendix title.
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8.1 DETERMINATION OF MONOMETHYL HYDRAZINE VAPOR CONCEN-
TRATION IN NITROGEN OR AIR

8.1.1 Apparatus

8.1.1.1 Spectrophotometer, UV-VIS, Varian Series 634, or
equal.

.2 Cells, Silica, UV-VIS, 1 cm rectangular.

.3 Balance, analytical.

.4 Gas meter, wet test, precision, ASTM D1071, cali-
brated, or equal.

.5 Air sampling pump.

.6 Glass midoet ,mpinger, fritted, 170-220 _ maximum
por _ diameter.

.7 Pipets, serulogical I0 ml.

.8 Pipets, volumetric, 0.5 ml, I ml, 2 ml, 4 ml, IU ml,
15 ml, and 25 ml.

.g Flasks, volumetric, 100 m], 20U m], and 500 ml.

.10 Glass vials with screw caps, 20 ml.

.11 Graduated cylinder, 25U ml.

.12 Amber reagent bottle, 250 m].

.13 Glass wool.

.14 Stopcock grease.

.15 Flow control valve.

.16 Tubing, Teflon and Tygon, assorted sizes and
lengths.

8.1.2 Chemicals

8.1.2.1 Sulfuric acid H2S04, concentrated, reagent grade.

.2 p-Dimethylaminobenzaldehyde, p-DAB, reagent grade.

.3 Honomethyl hydrazine sulfate salt, MMH.H2SO 4, re-
agent grade.

.4 Methanol_ CH3OH, absolute, reagent grade.
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8.1.3 Safety

8.1.3.1 General - Refer to Section IV of Toxic Vapor Detec-
tor Calibration Manual 4-0-111 for safety require-
ments and specific hazards, precautions and emergen-

cy procedures concerning fire (Paragraph 4.4.1) and
hypergols (Paragraph 4.4.4.)

8.1.3.2 Safety Equipment (Personal)

8.1.3.2.1 Face shield.

.2 Laboratory coat or rubber apron.

.3 Gloves, chemical-resistant.

8.1.3.3 Safety Equipment (Laboratory)

8.1.3.3.1 Fume hood.

.2 Safety shower and eyewash fountain.

.3 MMH concentration monitoring device.

.4 Fire extinguisher.

WARNING

Monomethyl hydrazine is a suspected
carcinogenic chemical. Handle hydrazine
only in a fume hood. Avoid all oxidizing
agents. Wear personal safety equipment.
Note location of the closest fire extin-

guisher, safety shower, and eyewash
fountain. Ensure test area conforms to

good housekeeping standards. Monitor
working area MMH concentration with a
calibrated monitoring device.

8.1.4 Preparation of Reagents

8.1.4.1 Sulfuric acid absorbing solution, 0.1 N (nominal)-
Pipet 3 m_ o_ concentrated sulfuric acid into I
liter volumetric flask containing approximately 500
ml D.I. water, mix, and bring volume to mark with
D.I. water.

.2 p-DAB Solution - Mix 1.6 g p-DAB, 5 ml concentrated
H2S04, and 200 ml methanol in an amber reagent
bottle. Store in dark place. Shelf life of the
solution is two weeks.
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8.1.4.3 Monomethyl hydrazine stock solution - 100 ppm -
Transfer 0.157 g of MMH.H2SO 4 salt, weighed to the
nearest 0.01 mg, to a 500 ml volumetric flask con-

taining about 100 ml of 0.1N H2SO 4. Mix. Fil] to
the mark with 0.1N H2SO 4,

.4 HMH working standard solutions - Pipet 0.5, 1.0, and
2.0 ml of monomethyl hydrazine stock solution re-
spectively into 100 ml volumetric flasks and bring

to volume with 0_I N H2SO 4. The concentrations of
the working standard solutions are 0.5, 1.0, and 2.0
ppm.

8.1.5 Samplin 9 of Monometh_1H_drazine VaRor

8.1.5.1 Set up the sampling apparatus as in Figure i.

.2 Pipet 25 ml of 0.1N H2SO 4 into the impinger, greese
the stopper lightly, and close.

.3 Turn on the air pump and adjust the flow rate con-
trol valve to pass 0.5 liter per minute flow.

.4 Attach the inlet of midget impinger to hydrazine
vapor source with a short piece of Teflon tubing.

.5 As a guide, sample 6 liters for 1.5 ppm monomethyl
hydrazine vapor and 3 liters for 5 ppm monomethy]
hydrazine vapor.

8.1.6 Anal_sis of Sample

8.1.6.1 Pipet 10 ml of 0.1 N H2S04, 0.5 ppm, 1.0 ppm, and 2
ppm working standard solutions and sample solutions
respectively into labeled glass vials. The 10 ml of
0.1 N H2SO 4 solution is used as reagent blank.

.2 Pipet 4 ml of p-DAB solutlon into each vial; cap, and
mix thoroughly.

.3 After 3U minutes, zero the spectrophotometer with
reagent blank at 457 nm and slit 2.

.4 Read the absorbances of the standard and sample
solutions against reagent blank.

NOTE

Refer to spectrophotometer instruction
manual as required.
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8.1.6.5 Plot absorbance readings vs. concentrations of the
standard solutions.

.6 Determine from the standard curve the concentrations
of HMH present in each sample solution.

8.1.7 Calculation

ppm MNH in nitrogen (or air) = 13.3 A
V

A = ppm of MMH in sample solution

V = liters of MMH vapor sompled

Flow f- r--.

Flow [
, Control. J

Scrubber Valve WETT[ST
MET[R

FIGURE 1 - HYPERGOLIC FUEL VAPOR SAMPLING APPARATUS
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8.2 DETERMINATION OF HYDRAZINE VAPOR CONCENTRATION IN
NITROGEN OR AIR

8.2.1 Apparatus

8.2.1.1 Spectrophotometer, UV-VIS, Varian Series 634, or
equal.

.2 Cel]s, Silica, UV-VIS, 1 cm rectangular.

.3 Balance, analytical.

.4 Gas meter, wet test, precision, ASTM DI071, ca|i-
brated, or equa|.

.5 Air sampling pump.

.6 Glass midget impinger, fritted, 170-220 p maximum
pore diameter.

.7 Pipets, serological, 10 ml.

.8 Pipets, volumetric, 0.5 ml, I ml, 2 ml, 10 m], 15
ml, and 20 ml.

.9 Flasks, volumetric; 100 ml, 200 ml, and 500 m].

.I0 Glass vials with screw caps, 20 ml.

.11 Graduated cylinder, 2OU m].

.12 Amber reagent bottle, 250 ml.

.I_ Glass wool.

.14 Stopcock grease.

.15 Flow control valve.

.16 Tubing, Teflon and Tygon, assorted sizes and
lengths.

8.2.2 Chemicals

8.2.2.1 Sulfuric acid, H2S04, concentrated, reagent grade.

.2 p-DimethylaminobenzaldehyOe, p-DAB, reagent grade.

.3 Hydrazlne sulfate, (N2H4).H2S04, reagent grade.

.4 Methanol, CH3OH, absolute, reagent grade.
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8.2.2.5 D.I. water.

8.2.3 Safety

8.2.3.1 General - Refer to Section IV of Toxic Vapor Detec-
tor Calibration Manual 4-0-111 for safety require-
ments and specific hazards, precautions and emergen-
cy procedures Joncerning fire (Paragraph 4.4-I) and
hypergols (Paragraph 4.4.4.).

8.2.3.2 Safety Equipment (Personal)

8.2.3.2.1 Face shield.

.2 Laboratory coat or rubber apron.

.3 Gloves, chemical-resistant.

8.2.3.3 Safety Eouipment (Laboratory)

8.2.3.3.1 Fume hcod.

.2 Safety shower and eyewash fountain.

._ N2H4 concentration monitoring device.

.4 Fire extinguisher.

WARNING

Hydrazlne is a suspected carcinogenic
chemical. Handle hydrazine only in a
fume hood. Avoid all oxidizing agents.
Wecr persona] safety equipment. Note
location of the closest fire extinguish-
er, safety shower, and eyewash fountain.
Ensure test area conforms to good house-
keeping standards. Monitor working area
hydrazine concentration with a calibrated
monitoring device.

8.2.4 Preparation of Reagents_

8.2.4.1 Sulfurlc acid absorblng solutlon, 0. I N (nominal)-
Pipet 3 ml of concentrated sulfurlc acid into I
liter volumetric f]ask containing approximately SOO
ml O.I. water, mix, and bring volume to mark wlth
O.I. water.

.2 p-DAB Solutlon - Mix 1.6 g p-OAB, 5 ml concentratea
N2S04, and 200 m] methanol in an amber reagent
bottle. Store In dark olacp. _h_lf ltfm, ,".f t,_,6
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8.2.4.3 Hydrazine stock solution - 100 ppm - Transfer 0.204
g of (N2H4).HzS04 salt, weighed to the nearest 0.01
mg, to a 500 ml volumetric flask containing about
100 ml of 0.1N H2SO 4. Mix. Fill to the mark with
0.1 N H2SO 4.

.4 Hydrazine working standard solutions - Pipet 0.5,
1.0, and 2.0 ml of hydrazine stock solution respec-
tively into IUO ml volumetric flasks and bring to

,. volume with 0.! N H2SO 4. The concentrations of the
working standard solutions are 0.5, 1.0, and 2.0
ppm.

8.2.5 Samplin__g of Hydrazine Vapor

8.2.5.1 Set up the sampling apparatus as in Figure i.

.2 Pipet 25 ml of 0.1N H2SO 4 into the impinger, grease
the stopper lightly, and close.

.3 Turn ,n the air pump and adjust the flow rate con-
trol valve to pass 0.5 liter per minute flow.

.4 Attach the inlet of midget impinger to hydrazine
vapor source with a short piece of Teflon tubing.

.5 As a guide, sample 6 liters for 1.5 ppm hydrazine
vapor and 3 liters for 5 ppm hydrazine vapor.

8.2.6 Analysis of _ample

8.2.6.1 Pipet 10 ml of 0.I N HzS04, 0.5 ppm, 1.0 ppm, and 2
ppm working standard solutions and sample solutions
respectively into labeled ylass vials. The 10 ml of

0.1 N H2S04 solution is used as reagent blank.

.2 Pipet 0.5 ml of p-DAB solution into each vial; cap, and
mix thoroughly.

.3 After 30 minutes, zero the spectrophotometer with
reagent blank at 457 nm and slit 2.

.4 Read the absorbances ofthe standard and sample
solutions against reagent blank.

NOTE

Refer to spectrophotometer instruction
manual as required.
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8.2.6.5 Plot absorbance readings vs. concentrations of the
standard solutions.

.6 Determine from the standard curve the concentrations
of hydrazine present in e_ch sample solution.

8. Z.7 Calculation

ppm NzH 4 in nitrogen (or air) = 19.1A
V

A = ppm of hydrazine in sample solution

V = liters of hydrazJne vapor sampled

• /
Control• m

Scrubber Valve MET Tr.Sr
Mr.TCR

FIGURE 1 - HYPERGOLIC FUEL vAPOR SAHPLING APPARATUS
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13.2 DETERMINATION OF MMH AND N2H 4 CONCENTRATION COLLECTED
ON DOSIMEFERS USING PHOSPHOMOLYBDIC ACID (PMA) METHOD

13.2.1 Apparat,s

13.2.1.1 Balance, top load.

.2 Dark bottle, 500 m].

.3 Spectrophotometer, Spectronic 21 or equal.

.4 Sample tube for spec:rophotometer.

.5 Temperature-controlled environment.

.6 Volumetric flasks, 25 ml, 100 ml, 2 liter.

.7 Beakers, 500 ml.

.8 Graduated cyllnder, 500 ml.

.g Magnetic stirrer and stirring bar.

.lO Syringe, 50 _l.

.ll Whatman No. 41 filter paper.

.12 Unexposcd dosimeter badges, as prepared in Appendix
13.1.

.13 Micropipets, i0, ZU, 50, and lOO pl sizes, with d,s-
posable tips.

13.2.2 Reagents

13.2.2.1 Phospho_,olybdic acid, 20MoO3.2H3PO4.4BH2U, reagent
grade.

.2 Hyarochloric ac_a, HCf, reagent _r_de.

.3 Hydrazine, N2H4, reaqent grade.

.4 Monomethy| hydrazine, MMM, reagent grade.

.5 D.I. water.

.6 Ice.
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13.2.3 Safet_ - Refer to Section IV of 4-0-111 for safety
requlremen=s and specific hazards, precautions, and
emergency procedures concerning fire (Paragraph 4.4.1),
hypergols (Paragraph 4.4.4), and acids (Paragraph
4.4.6).

13.2.3.1 Safety Equipment (Personal)

13,2.3.1.1 Face shield.

,2 Laboratory coat or rubber apron.

.3 Gloves, chemical-resistant.

WARNING

Ccncentrated sulfuric acid is very
corrosive. Wear gloves while handling
this chemical.

13.2.3.2 Safety Equipment (Laboretory)

13.2.3.2.1 Fume hood.

.2 Safety shower and eyewash fountain.

.3 MMH and N2H 4 vapor concentration monitoring devlces.

.4 Fire extinguisher.

WARNING

Monomethyl hydrazine and hydrazine
are suspected carcinogenic chemicals.
Handle MMH and N2H4 in _ fume hood,
Avoid all oxidizing agents. Wear
personal safety equipment, Note
location of the closest fire exting-
uisher, safety shower, ana eyewash
fountain. Ensure test area conforms

to good housekeeping standards.

Monitor working area MMH and N2H 4
concentrations with a calibrated

monitoring Gevice.
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13.2.4 Preparation of Reagents

13.2.4.1 Phosphomolybdic acid color develop solution: Stir 9
grams of PMA in 300 ml of D.I. water in a beaker over-
night. Filter into a dark bottle and store in a dark

place. Do not allow the solid or liquid reagent to
contact metal.

.2 Hydrochloric acid, U. IN: Add 8.6 ml of HCI to a 2-
liter volumetric flask containing approximately 1 liter
D.I. _later. Add D.I. water to mark and mix.

.3 Stock hydrazine solution, 320 _g/m1: Fill a 100 ml
volumetric flask to mark with O. IN HCf solution. Add,

below the surface, 31.7 Ml N2H 4 to the solution. 14ix
well.

.4 Stock MMH solution, 320 #g/ml: Fill a 100 ml volumet-
ric flask to mark with O.IN NCl solution. Add, below

the surface, 36.6 M1 MMH to the solution. Mix well.

.5 Determine the actual concentration of the stock N2H 4 or
MMH solution by coulometric analysis as outlined in
Appendix 8.11 of 4-0-111 using 10 _l of the stock
solution for the analysis.

.6 Reagent blank and working standards: Extract one
previously prepared, unexposed dosimeter badge for the
reagent blank and each standard to be used. Extract by
placing the paper badge in B ml of O.1N HCf and place
on a magnetic stirrer for approximately I minute.
Transfer the solutlon to a labeled 25 ml volumetric

flask. Rinse off badge with 5 ml of O. IN HCl and add
this portiop to the contents of the volumetric flask.

Add the amount of N2H 4 or MMH stock solution listed in
the table below to each standard flask to yield the
desired concentratlon.

Number of Ml Concentrations
N2H 4 MMH

0 (blank) 0 O
i0 3.17 3.20
20 6.34 6.40
50 15. B5 16. O0
i00 31.70 32.00

13.2.5 Analysis of Dosi,,eter Samples

13.2.5.1 Extract the sample badges in the same manner that the
unexposed badges were extracted in Paragraph 13.2.4.6.

.2 Add 7.5 ml of PM# to each of the 25 ml flasks contain-
ing blank standards and samples. Fill to mark with
O. IN HCf. Mix.
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13.2.5.3 Digest each of the 25 ml flasks at 87°C for 50 minutes.

.4 Cool in ice bath to stop reaction.

.5 Allow solution to come to room temperature.

.6 Obtain absorbance readings at 730nm within 30 minutes.
Zero instrument with D. I. water. Read reagent blank,
standards, and samp|es against D. I. water.

NOTE

Refer to instrument manual as required.

13.2.6 Calculation

i3.2.6.1 Plot absorbance vs. concentration of the standards.

.2 Read the result of the samples directly in pg from the
graph.

qmb
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13.3 DETERMINATION OF MMH AND N2H 4 COLLECTED ON DOSIMETERS
USING COULOMETRIC METHOD

13.3.1 Apparatus

13.3.1.1 Coulometer, O.Ima, 30my, with platinum wire electrodes.

.2 150 ml b_aker with 40 ml mark, used as reaction vessel.

.3 Stirring bar and magnetic stirrer.

.4 Recorder, Soltec Model 1241, or equal.

.5 Volumetric flask, 2 liter.

.6 Forcep, plastic.

.7 Pipet, graduated, :0 ml.

.8 Scoop, two scoops yield approximately 0.4 g KBr.

13.3.2 Reagents

13.3.2.1 Potassium brpmide, KBR, reagent gr_e.

.2 Sulfuric acid, H2S04, concentrated, reagent grade.

.3 D.I. water.

.4 Hydrazine, N2H4, reagent grade.

.5 Monomethylhydrazine, reagent grade.

13.3.3 Safety

13.3.3.1 Refer to Section IV oF 4-0-111 for safety requirements
and specific hazards, precautions, and emergency proce-
dures concerning fire (Paragraph 4.4.1), hypergols
(Paragraph 4.4.4), and acids (Paragraph 4.4.6).

13.3.3.2 Safety Equipment (Personal)

13.3.3.2.1 Face shield.

.2 Laboratory coat or rubber apron.

.3 Gloves, chemical-resistant.
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WARNING

Concentrated sulfuric acid is very
corrosive. Wear gloves while handling
this chemical.

13.3.3.3 Safety Equipment (Laboratory)

13.3.3.3.1 Fume hood.

.2 Safety shower and eyewash fountain.

.3 MMH and N2H 4 vapor concentration monitoring devices.

.4 Fire extinguisher.

WARNING

Monomethyl hydrazine and hydrazine are
suspected carcinogenic chemicals.

Handle MMH and N2H 4 in a fume hood.
Avoid all oxidizin§ agents. Wear
personal safety equipment. Note location
of the closest fire extinguisher, safety
showerl ana eyewash fountain. Ensure
test area conforms to good housekeeping
standards. Monltor working area Mt_H and

N2H 4 concentrations with a calibrated
monitorino device.

13.3.4 Preparation of Reagents

13.3.4.1 Sulfuric acid, O. IH: Pipet 5.6 ml of H2SO 4 concentra-
tion into a 1000 ml volumetric flask containlng approx-
imately 700 ml of D.I. water. Add D.I. water to the
mark. Mix well.

.2 Hydrazine stock solution, lO0 ppm: Fill a 100 ml
volumetric flask to the mark with O.1M H2SO 4 solution.
Add, below the surface, lO pl of N2H 4 into the solu-
tion. Mix well. Solution is stable for one week.

.3 MMH stock solution, 100 ppm: Fill a 100 ml volumetric
flask to the mark with O.IM H2SO 4 solution. Add, below
the surface, 11.4 #l of MMH into the solution. 14ix
well. Solution is stable for one week.
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13.3.5 Instrument Preparation

13.3.5.1 Set recorder parameters as follows:

Range - 500 mv

Speed - 60 cm per hour

.2 Turn coulometer power on.

.3 Fill the glass vessel containing a stirring bar to the

mark with O.IM H2SO 4.

.4 Place the glass vessel on the magnetic stirrer. Stir
_t medium speed.

.5 Add 1.5 scoops of KBr to the solution. Stir until KBr
is dissolved.

.6 Place the electrodes in the solution. Ensure the

electrolyte (O.1M H2SO_ ) in the bromine generating
electrode is approximately I inch above the solution in
the vessel.

.7 Turn on the recorder and lower the pen to start record-
ing. When the line on the chart paper is level, simul-
taneously activate the coulometer CELL switch and the
recorder marker.

.8 When the recording line deflects upward approximateIx
i-I/2 inches, deactivate the cell switch, lift up the

recorder pen, and promptly place the electrode in clean
D.I. water.

.g Discard the solution in the vessel; rinse the vessel

with D.X. water, then with O. IM H2SO 4.

.I0 Measure the reaction time in terms of distance in cm.

.11 Repeat Paragraphs 13.3.6.3 and 13.3.6.10 until three
consecutive runs indicate the same distance. This is
the blaak value.

.12 To ensure that the instrument is functioning properly,

repeat Paragraphs 13.3.6.3 to 13.3.6.10 with 3Opl of
N2H 4 stock solution added to O.IM H2SO 4 _n the vessel.
The measured distance should be 6.0 cm +/-0.2 cm. If
this distance cannot be achieved, notify the shift
chemist.
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13.3.6 Analysis of Dosimeter Samples

13.3.6.1 Place dosimeter spacer and disc into the reaction

vessel containing approximately 35 ml O.1M H2SO 4 and
stir for approximately 30 seconds.

.2 While taking them out, rinse the spacer and disc with

approximately 10 ml O.1M H2SO 4. Ensure the volume of
solution in the reaction vessel is 40 ml.

.3 Repeat Paragraphs 13.3.6.4 through 13.3.6.10.

13.3.7 Calculation

moles MMH (or N2H4) :

(cm specimen - cm blank) x 60 sec x (.ixi0 -3 amp)
min

chart speed cm x 96486 x 4e- (amp-sec)
mln mole

Pg Mt4H = moles r_MH x 4.6 x 107

pg MMH = net cm for analysis titration x 0.715

Mg N2H 4 = moles N2H 4 x 3.2 x 107

pg N2H 4 = net cm for analysis titration x 0.497

PPM MMH in Air - (#g MMH) (24,45I/mole)
(46.07g/mole (Isampled)

PPM N2H 4 in Air - (#g N2H_) (24.45I/mole)
(32,05g/mole)(Isampled)
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Data tables for the KSC Field Testing

of the Citrate Sampler.

The data for each individual test is presented in one table.

The first column indicates the type of sample and distinguishes area and personnel samples.

The second column is used to designate the sampling site. At each test location two sites were
selected.

The column titled "Day" indicates the day(s) the sample was exposed. For samples that were
placed on a Monday and collected on Friday a "to $" would appear.

The results of the analysis are in the remainir, g columns labeled A, B, C, and D.

The "AMcolumn contains the coulometric titration results.

The "B"column contains the PMA results unless indicated by an * which indicates the
coulometric spike procedure was used.

The "C"column is used for color badge results. NC is used to indicate No color.

The "D"column is used for the PDAB results obtained from the liquid impinger samples.
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M| CROGRAHS NRS PPN

TYPE AREA DAY -A B C D

CITRATE PERSONNEL 1 1 0
2 I 0.11

I 2 0.07
2 2 0.07

I 3 0.11

2 3 0.07

1 4 0.14

2 4 0.07

I 5 0.07 3.5

2 5 0.07 2.92

CITRATE AREA I TO I 0.04

I TO I 0.07

2 TO 1 *0._}7
2 TO I 0.04

I TO 3 0.07

I TO 3 0.11

2 TO 3 0.07

2 TO 3 O. 18

1 TO 5 0.07 3.11

1 TO 5 0.07 2.92
2 TO 5 0.07 1.96

2 TO 5 0.04 2.53

CITRATE LABBLANK MT 0.04

t_T <0.04

0.04
WT 0.07

COLOR AREA 1 TO 5 NC
2 TO 5 NC

IMPINGERAREA 1 1 <0.05

2 1 0.06

1 2 <0.05

2 -_ <0.05

1 3 <0.05
2 3 <0.05

1 4 <0.05

2 4 <0.05

I 5 <0.05

2 5 <0.05

• AnaLyzed by cou[ometric spike procedure.

Oetecticm Limit - 0.12 ug (tout)

QuaintLimit = 0.4 u9 (cou[)
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PPH

• MI CROGRARS HRS PPN
TYPE AREA DAY A B C D

CITRATE PERSONNELBOTH 1 O.O? 3.7
1 0.04

2 0.21 4.2
2 0.79 3.8

3 0.32 3.1

3 0.25 2.8

4 0.07 *0.34
4 0.47 "0.18

S 0.04 3.6

5 0.11 2.5

CITRATE AREA 1 TO 1 0.04

1 TO 1 0.07

2 TO 1 0.11

2 TO 1 0.07
1 TO 3 0.04

1 TO 3 0.04

2 TO 3 0.04
2 TO 3 0.04

1 TO .5 O.h Z.1

1 TO 5 2.1

2 TO 5 <0.04 2.1

2 TO 5 <0.04 2.5

CITkATE r_ELD BLANK 0.07
0.11

0.36

0.11

CITRATE LABBLANK _r 0.07
UT c_..04

tJT <0.04

I/T 0.04

t/T O.07

UT O.07

COLOR AREA (1) TO 5 NC

(2) TO 5 NC

INPIMGERAREA 1 1 <0.05
2 1 ,0.05

1 2 c0.05

2 2 <O.OS

1 3 (0.05

2 3 cO.O5
1 4 (0.05

2 4 (0.05
1 5 (0.05

2 S <0.05

t AnaLyzed by the co_(cmetrtc spike prc_edure.

Oete tim Limit • 0.12 ug (tout)

Ou4nt Limit • 0.4 ug (tout)
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OATAFROMFIELD rEST K03

F'PN
NICROGRAMS HRS PPM

TYPE AREA DAY A B C O

CITRATE PERSONNEL 1 1 1.36 °0.14
2 1 0.07

1 2 0.04

2 2 0.07
1 3 0.11

2 3 2.6 *0.86

1 4 0.07

2 4 0.14

1 5 0.11

2 5 0.18

CITRATE AREA 1 TO 1 <0.04

1 TO 1 ,c0.04

2 TO 1 0.04

2 TO 1 0.04
1 TO 3 0.07

1 TO 3 0.07
2 TO 3 0.07

2 To 3 0.07

1 TO $ 0.07

1 TO 5 0.25

2 TO 5 0.11

2 TO 5 0.14

CITRATE FIELD BLANK 0.07
0.11

0.04

CITRATE LABBLANK fm/T 0.07
VT <0.04

VT 0.O4

CITRATE BLANk: 0.1

COLOR N/A

IMPIVGERARE_ 1 'c0.05

2 "0.05

1 ,O.OS

,0.05
1 '0.05

2 ,C.05

1 '0.05

2 ,0.05

I ,0.05

2 ,0.05

• Ar,ltylad by cou',ar_trtc spike procedure.

Detection Limit • 0.12 u9 (co_l)
auant Limit • 0.4 u41(c¢¢1L)
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DATA FRON F|ELD TEST K04

PPM

MI CROGRAMS fiRS PPM

TYPE AREA DAY A B C D

CITRATE PERSONNEL BOTH 1 0.14

BOTH I 0.04

' BOTH 2 0.07

BOTH 2 0.04

BOTH 3 O.0/..

BOTH 3 0.11

BOTH 4 0.04

BOTH 4 0.04

BOT14 5 O.04

BOTH S 0._

CITRATE AREA 1 TO 1 0.04

1 TO 1 0.04

2 TO 1 0.04

2 TO 1 0.04

I TO 3 0.07

I TO "_ 0.04

2 TO 3 0.04

2 TO 3 0.04

1 TO 5 .cO.04

1 T_ 5 C.O_

2 TO 5 .c0.04

2 TO 5 c0.04

CITRATE FIELD BLANK 1 <0.04

2 .c0.04

EGLG 0.04

EGLG 0.0

CITRATE LAB BLANK WT 0.0_

VT 0.04

t,/T 0.04

te'T 0._

CITRATE BLAMK 0.07

COLOR AREA 1 TC 5 NC

2 TO S RC

COLOR PERSONNEL BOTH TO S NC

BOTH TO S NC

BOTH TO 5 MC

BOTH TO 5 NC

IMPlUGER ARiA 1 1 <O.OS

2 1 ,cO.05

1 2 .cO.05

2 2 .cO.OS

1 3 ,cO.05

2 3 .cO.05

1 4 .c0.05

2 4 _0.05

1 5 .cO.05

2 $ .c0,05

* A*'v,llty_[Iqd by CO*j|OINtric spike peoced_re.

Oetecti_ Limit • 0,12 ug (cc_l)

Ous/_t LhD!T • 0.4 _ (cout)
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DATAFROMFIELD TEST K06
PPM

• MICROGRAMS HRS PPM

TYPE AREA DAY A g C 0

CITRATE PE,_SO_NEL 2 e).04
2 •I *0.57

=

4 0.04
4 0.04

CITRATE AREA 1 TO 1 0.32 "0_21

1 TO 1 0.36 *0.32

2 TO 1 0.07
2 TO 1 0.11

1 TO 3 0.32
1 TO 3 0.18 *0.38

2 TO 3 0.07 "0.31

2 TO 3 0.18
I TO 4 0.07

1 TO 4 "0.21
2 TO 4 0.14 *0.5

2 TO 4 0.13 "0.54

CITRATE BLANK EC_G 2 0.02

EG&G 2 0.114 *4

EG&G 4 0.79 "1

EC_G 4 0.07
EC_G 4 VOID "0.14

EC_G 4 0.04 *0.04

EG&G TO 4 0.04 "0.04

CITEATE FIELD BLANK1 TO 2 0.07 "0.45

2 TO 2 0.61 "0,04
1 TO 3 0.04

2 TO 4 0.04 *0.04

CITRATE LAII BLANK NT 0.04

tJT 0.04

tat 0.01

COLOm AREA 1 TO 1 NC
2 TO 1 MC

1 TO 2 I(C

2 TO 2 UC

I TO 3 IIC

2 TO 3 NC

1 TO 4 NC

1 TO 4 **0.11 lie "* SUSl_tted Of mil/vJmlxtrirql
2 TO 4 uC

2 TO 4 uc

II'qPI NGERAREA I I qO.O_

2 1 ,tO.O5

1 2 ,tO.OS
2 2 ,lO.OS

I 3 _O._

2 ] ,O.OS

I t, ,O.OS

2 4 ,O.OS

•Anotyzed by c_|almtric ttp_ke proc_e. Oetectlcm Limit • 0.12 _.1 (c(_|) Gudmt tirol* • 0.& ull (cou|)
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DATAFROMFIELD TESTK07

l_._X PPM

TYPE AREA O._.y hICROGI_J.MS MRS PP_ C,.3W_ENT
A R C D

CITRATE AREA 1 TO 1 3.18 <0.5
1 TO I 4.58 0.9

2 TO 1 15 ? <05

2 TO I 0.57 0.7

I TO 3 8.65 2.2

I TO 3 18.66 1.1

2 TO 3 3.?_ _0.5
2 TO 3 1.86 <0.5

I TO 5 13.59 0.7

1 TO 5 23.67 <O.S

2 TO 5 2.71 ,c0.5

2 TO 5 2.57 <0.5

CITRATE PERSONNEL & 5.58 3.25 TME"A" IIAOG_UASWET

4 S.11 4.29

5 8.79 _c05
5 ,1.26 2.6

CITRATE BLANK I 8.4

I 12.1

2 1.7_
2 1.43

COLOr AREA 1 TO 1 N(

1 TO 2 UC

1 TO 3 NC

I TO 4 NC

1 TO $ uC

2 TO I MC

2 TO 2 NC

2 TO 3 NC ¢O(.Ot AFTERAFTERwct EXPOSUIE

2 TO 4 <0.07 = "
2 TO $ qO.O7 " "

IMPINGERAlia 1 1 ,0.0_

2 I _0.05

1 2 <0.05

2 2 ,0.05

1 ) qO.O5

2 ) 0,2B
1 4 <0.0_

2 4 _._
1 3 ¢0.05

2 5 40.0_

OetC_.ttCl_Lie|l • 0.12 _t (|t_lJ||

O_t_t Limit ,' O./b _ (calaI)
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DA'A FROMF_.I,D TESTK08

HYDRAZI NE PPM

TYPE AREA DAY NICROGRAHS HRS PI_ COI_ENT
B r. D

CITRATE AREA 1 TO 1 5.29 <1.5

1 TO 1 6.21 <1.5
1 TO 3 4.65 <1.5

1 TO 3 5.96 <1.5

1 TO 5 9.02 <1.5

I TO 5 9.99 <1.5

2 TO 1 1.42 <1.5

2 TO 1 O.97

2 TO 3 1.12 <1.5

2 TO 3 C.7_ ":1.5
2 TO 5 0.37 ":1.5

2 TO 5 0.12 <1.5

CITRATE BLANKS 1 TO 1 3.85 t NO (A, B) DESIGNATE
1 TO 2 3.16 BLIND BLANKS
1 TO 3 3.21 "

I TO 4 5.09

1 TO 5 4.35

2 TO 1 2.24
Z TO 2 0.55

Z TO 3 1.09

Z TO 4 1.6L,

'" 2 TO 5 0.ST "

CITRATE r'ANK OFFICE <0.03

OFFICE 0.22 <I,5

COLOR AREA 1 TO 1 NC

I TO Z NC

1 TO 3 XC

1 TO 4 NC
1 TO 5 NC

2 TO 1 NC

Z TO 2 NC

2 TO 3 NC

2 TO 4 NC

2 TO 5 NC

IMPINGERAREA I I <0.02

2 1 (0.02

1 2 (0.02
2 2 <0.02

1 3 <0.02

Z 3 <0.02

I 4 <0.02

2 4 <0.02

1 5 <0.02

2 5 '_0.02

Detectic_ Limit • 0.12 ug (cout)

Ouant ttmit • 0.4 ug (cout)
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DATAFROMFIELD TEST K09

PPM

NICROGRAHS HRS PPN COMMENTS

TYPE AREA DAY A B C D

CITRATE AREA TO 1 5.08 --
TO 1 5.61 N/A

TO 3 6.36 --

TO 3 8.58 --

TO 3 7.61 --

TO 3 8.08 * 7.6

TO 1 3.00 *2.99

TO 1 2.54 *2.56
TO 3 5.68 --

TO 3 2.72 N/A
TO 3 3.54 *3.52

TO 3 3.25 N/A

C!TRATE BLANK 1 TO 1 3.47
1 TO 2 2.93

1 TO 3 4.25

I TO 3 2.9O

1 TO 3 3.18

2 TO 1 2.11
2 TO 2 1.93

2 TO 3 2.25

2 TO 3 1.75
.. 2 TO 3 >63.8 SUSPECTDATA

COLOR AREA 1 TO 1 <0.07

1 TO 2 0.07

1 TO 3 0.14
1 TO 3 0.14

1 TO 3 0.14

2 TO 1 (0.07

2 TO 2 <0.07
2 TO 3 <0.07

2 TO 3 <0.07

2 TO 3 <0._7

iMP!NGERAREA 1 1 0.05

2 _ 0.1

1 2 ,0.1

2 2 ,0.1

I 3 ,0.1

2 3 (0.1

* Anatyzed by ¢ou_omtric spike procedure.

-- SPEC20 broken, samples lost.

Oetection Limit • 0.12 u_ (couL)

guant Limit = 0.6 ug (coul)
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DATA FROM FIELD TEST KIO

PPN

TYPE AREA DAY • NICROGRAMS NRS PPM COHXENTS

A B C D

CITRATE AREA 1 TO 1 12.58 <1.5

1 TO 1 13.01 <I.F

1 TO 3 27.78 <1.5

1 TO 3 20.20 <1.5

1 TO 5 "- <1.5 WET

1 TO 5 -- <1.5

" CITRATE AREA I TO I 0.04

1 TO 1 0.07

1 TO 3 2.07

I TO 3 1.5

1 TO 5 --

1 TO 5 --

CIT_kTE BLANK 2 3 2.82

2 4 1.32

2 5 1.72

CITRATE BLANK 1 TO 1 6.44 <1._

1 TO 2 12.19 <1.5

1 TO 3 6.47 <1.5

1 TO 4 8.72 <1.5 MAY HAVE BEEN _/ET, DRY AT ANALYS]S TIME

1 TO 5 13.94 <1.5 _ET

• ' COLOR AREA 1 TO 1 NC

1 TO 2 NC

1 TO 3 <0.07

I TO 4 -- WET

1 TO S -- CONTAMINATEDWITH SAND

]HP[NGER AREA 1 1 40.05

1 1 <0.05

1 2 40.05

1 2 ,tO.05

1 3 <0.05

1 3 40.05

1 4 40.05

1 4 <0.05

1 5 40.05

1 5 40.05

..................... _ ...... o ...................... o..°. ..... °. ............................... ooo ..... ° ..... °..

BLANKS AND STANDARDS

7112/88 7113/88 7114188 7115188 71181U

100 PPM STD 96.5 104 106 106 105

UT BLK 1 0.11 0.11 0.18 .57 .18

WT BLK 2 0.18 0.11 0.18 1.07, .43 1.07

MYLAR ELK 0.07 0.07 ,c.04 .14

AVERAGEOF t_T BLK 1 AND 2 USED TO CORRECTDATA

..... • ........... .°...°°.o.o.°o. ..... .................................... ................. °°°°°oooo-°°°. .......

• A Mytmr substrate was used for these samptes,

Oetecticfl Limit ,, 0.12 u9 (cout)

I
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DATAFRONFIELD TEST KIOA
PPH

• MICROGRAMS HRS PPH COHHENTS

TYPE AREA DAY A B C D

CITRATE AREA 1 TO 1 "- <1.0
1 TO 1 <0.04 <1.0

1 TO 3 <0.04 --

1 TO 3 <0.04 <1.0

I TO 5 <0.04 --

I TO 5 0.09 <1.0

2 TO 1 0.04 <1.0
2 TO 1 0.21 <I .0

2 TO 3 0.09 <1.0

2 TO 3 0.27 <1.0

2 TO 5 0.13 <1.0

2 TO 5 0.09 1.0

C[TRATE BLANK 1 TO 1 <0.04 <I.0

1 TO 3 <0.04 <1.0

1 TO 5 0.13 <1.0
2 TO 1 <0.04 <1.0

2 TO 3 <0.04 <I.0

2 TO 5 0.09 1.2

|I.,P|NGERAREA 1 1 <0.05
2 I <0.05

"" 1 2 <0.05

2 2 <0.05

1 3 <0.05
2 3 <0.05

1 4 <0.05

2 4 <0.05

I 5 <0.05

2 5 <0.05

............... o°° ......... oo.. ........... o .......... ..° .............

BLANKSANDSTANDARDS

I117187 1/19181123189
100 PPNSTO 102 109 104

Vt' BLK 1 0.18 0.18 0.04

ELK 2 -- O._K) 0

AVERAGEOF WT BLK 1 AND2 USEDTO CORRECTDATA
o ......... . ............. ....o.. ............ ... ................ .o..°°°

-- Sa_p(es tost

Detection Limit = 0.12 ug (cou[)

Ouant Limit x 0.4 ug (CmJ()

57

1990015370-058



DATAFROMFIELD TEST Kll
PPN

TYPE AREA DAY Ul CROGRAHS HRS PPH
A B C D

CITRATE AREA 1 TO 1 -- <1.0
1 TO 1 0.29 <1.0

1 TO 3 0.45 <1.0
1 TO 3 0.45 <1.0

1 TO S 0.5 * 0.7

1 TO 5 0.3 * 0.5

2 TO 1 0.07 <1.0
2 TO 1 0.14 <1.0

2 TO 3 0.23 <1.0

2 TO 3 0.45 <1.0

2 TO 5 0.21 " 0.21

2 TO 5 0.14 * 0.14

CITRATE BLANK 1 TO 1 0.07 <1.0

1 TO 3 0.3 <1.0

1 TO 5 <0.04 t<0.04

2 TO 1 0.07 <1.0

2 TO 3 0.5 <1.0
2 TO 5 <0.04 *<0.04

IMPINGERAREA 1 1 <0.05

2 I <0.05
1 2 <0.05

2 2 <0.05

1 3 <0.05

2 3 <0.05

1 4 <0.05
2 z <0.05

1 5 <0.05

2 5 ,c0.05

......................................... °o.oo°°.._ ................... ° ....

BLANKSANDSTANDARDS

2/14/89 2/16/89 2/20/89

100 PPNSTD 100 104 103

UT BLKI 0.04 0.07 0.04
_r BLK2 0,00 0.09 0.04

AVERAGEOF WT BLK I AND2 USEDTO CORRECTDATA
............ ..o.. .... oo°°.°..o°o°..°°. ........... o ........ .o ..... °°°.° .....

* Analyzed by the coutometrtc spike procedure.

Detection Limit 8 0.12 ug (cout)

Ouant Limit • 0.4 ug (cout)
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DATAFROMFIELD TEST KlZ

PPH

MI CROGRAMS HRS PPM COMMENTS

TYPE AREA DAY A B C D

CITRATE AREA 1 TO 1 <0.03 <1.0
1 TO 1 <0.03 <1.0

1 TO 3 <0.03 "'"

1 TO 3 <0.03 <1.0
1 TO* 7 <0.03 <1.0

I TO* 7 0.25 <1.0

2 TO 1 <0.03 ---

2 TO 1 0.1 <1.0

2 TO 3 <0.03 ---

2 TO 3 0.03 <1.0
2 TO* 7 0.6 <1.0

2 TO* 7 0.5 <1.0

CITRATE BLANK 1 TO 1 0.05 <1.0

1 TO 3 0.1 ---

1 TO* 7 <0.03 <1.0
2 TO I <0.03 <I.0

2 TO 3 <0.03 <1.0

2 TO* 7 <0.03 <1.0

IMPINGERAREA 1 1 <0.02

' 2 1 <0.02

1 2 <0.02

2 2 <0.02

I 3 <0.02
2 : <0.02

I 4 <0.02

2 4 <0.02

I 7 <0.02

2 7 <0.02

................... . ....... ° ............ ..o ...... o .............. . ......... °°°o

BLANKSAND STANDARDS

2122189 2124/89 2128189
100 9PN STD 99.6 98.5 96.7

WTBLK I 0.07 0.0 0.0

WTBLK Z 0.1/, 0.0 0.0

AVERAGEOF _r BLK 1 AND2 USEDTO CORRECTDATA
......... ° ......... o ..................... °°o°o°o°°.o.°oo ..... °°°°°° .... °..°°°°

--- Suspended matter, no PMAdata.

t Samples sealed over ueekend, total exposure only $ days.

Detection Limit • 0.12 ug (tout)

Ouant Limit • 0,4 ug (.out)
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DATAFROMFIELD TEST K13

PPM

HICROGRAMS HRS PPM COMMENTS

TYPE AREA DAY A B C D

CITRATE AREA 1 TO 1 0,07 <1.0

1 TO 1 <0.04 <1.0
1 TO 3 <0.04 <1.0

1 TO 3 <0.04 <1.0

1 TO 5 <0.04 <1.0

1 TO 5 <0.04 <1.0

2 TO 1 0.1/* <1.0

2 TO I <0.04 <1.0

2 TO 3 <0.04 <1.0
2 TO 3 <0.04 <1.0

2 TO 5 c0.04 <1.0

Z TO 5 0.04 <1.0

CITRATE BLANK 1 TO 1 <0.04 <1.0
1 TO 1 <0.04 1.6

1 TO 3 0.04 <1.0

2 TO 3 0.07 <1.0
2 TO 5 <0.04 <1.0

2 TO 5 0.04 <1.0

XMPiNGERAREA 1 1 <0.05

2 1 <0.05

1 2 0.09

2 2 0.09

1 3 <0,05

2 3 <0,05
1 4 0.06

2 4 ¢0.05

1 5 <0.05

2 5 <0.05

.............................. . ......................... ...o ........ oo.°° .....

BLANKSANDSTANDARDS

3/28/8? 3/30/89 4/3/87
100 PPMSTD 107 104 107

WT BLKI 0.00 0.00 0.21

WT BLK2 0.00 0.14 0.21

AVERAGEOF WT BLK 1 AND2 USEDTO CORRECTDATA
o°. ........... o. ......... o.°°o ...... ...o°o.°o.°. .......... °o..°°. ....... °oo°°.

" SampLesanalyzed by cout(unetry.

• *SampLes were damp.

Detection Limit • 0.12 _ (tout)

Ouant Limit • 0.4 ug (tOUt)
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DATAFROMFIELD TEST K13A

PFH

MI CROGRAMS HR.c PPH

TYPE AREA DAY A B C D

CITRATE AREA 1 TO 1 21.77 *26.62
I TO I 16.52 " 17.55

1 TO 3 15.61 * 23.19
1 TO 3 23.54 • 22.65

1 TO S •*>28 *',*>28
1 TO 5 lt24.5

CITRATE BLANK 1 TO 1 <0.04

1 TO 3 ,0.04
1 TO 5 **,0.04

............. ° ................................................................

BLANKSANDSTaNdARDS

3/28/89 3/30/89 413/89

100 PPMSTD 107 104, 107
WT BL_:1 0.00 O.O0 0.21

t/T 8LK 2 O.O0 0.14 0.21

AVERAGEOF VT BLK 1 AND2 USEDTO CORRECTDATA
.... ..,. ..... ....o°.. ........ o ....... ..°. ......................................

• Samptesanalyzed by cc,Jtometry.

• •Samptes were damp.

Detection Limit • 0.12 ug (tout)

., Ouant Limit • 0.4 ug (tout)
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DATAFROMFIELD TEST K14

MICROGRAMS BADGEHOUSING

TYPE AREA DAY A B BB : BLACK WB• WHITE

C|TRATE AREA 1 TO 1 >14.2 <1 BB ROqF, HORIZ
1 TO 3 )15.9 <1 BB "
1 TO 5 >14.6 <1 BB "

2 TO 1 2.4 <1 BB ROOF,VERT._ SOUTH
2 TO 3 3.S <1 BB "

2 TO 5 9.0 <1 BB "

3 TO 1 13.5 7.4 _ ANTENNA,HOR|Z
3 TO 3 >16.3 )10.0 Wl] "

3 TO 5 >14.9 >10.0 W "

4 TO 1 2.9 <1.0 BB ANTENNA,VERT., SOUTH
4 TO :; 5.0 <1.0 BB "

4 TO 5 >14.4 <1.0 BB "

CITRATE BLANK 1 TO 1 <0.04 BB BLANKS
2 TO 1 <1.0 BB

1 TO 3 <0.04 BB

2 TO 3 <1.0 BB
1 TO 5 _<0.04 BB

2 TO 5 -- BB

3 TO 1 14.3

4 TO 1 <1.0 t.3

3 TO 3 >17.7 _/B

4 TO 3 <1.0 Mi
3 TO 5 *>25.5

4 TO R <1.0 Vii

BLANK OFFX_ETO 5 <0_04 <1.0 BE
OFFICE TO 5 4.2 <1.0

*ProbLem with coutometric instrument, data may ,"4 suspect.

Oetectiorl Limit = 0.12 ug (tout)

Ouant Limit = 0.4 ug (coui)
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DATAFROMFIELD TEST K15

PPN

J41CROGRAHS HRS PPH C_4MENTS
TYPE AREA DAY A B C O

CITRATE AREA 1 TO I 2.7 cl W

1 TO I <0.04 B
I TO I 0.05 B

1 TO 3 0.79 *0.09 W

1 TO 3 c0.04 B
1 TO 3 _3.C_ <I B

1 TO S 0.29 *0.63 W

I TO 5 0.07 <I B

1 TO 5 .CO.0/, <I O

CITRATE AREA 2 TO I 1.93 <I w

2 TO I <0.04 g
2 TO 1 0.05 B

2 TO 3 0.36 "0.2 V

2 TO 3 .cO.04 8

2 TO 3 ,cO.04 B
2 TO 5 0.57 *0.8_,

2 TO 5 0.07 <1 B

2 TO 5 .c0.04 .cl S

CITRATE BLANKS I TO 1 2.36 <1 g

I TO 1 <.04 8
I TO 3 .5 W

I TO 3 <.04 B
I TO S .41 "0.52 V

.. 1 TO 5 .14 *.cO.04 S
CITRATE BLANKS 2 TO 1 .93 <1 I#

2 TO 1 <.04 B

2 TO 3 .36 "0.17 V

2 TO 3 .c.04 il

2 TO S 39 "0.7 V

2 TO 5 <.04 <I B

COLOR AREA 1 1 NC

2 I HC

1 2 NC

2 2 NC

I 3 NC

2 3 MC
I 4 NC

2 4 NC

1 S NC

2 5 NC

IHPlNGERAREA 1 1 .c0.1

2 1 .cO.I

1 2 .cO.1

2 2 .c0.1
1 3 _0.1

2 3 _0.1

1 4 _0.1

2 4 ,tO.1
1 $ LOST

2 S LOST

* AnaLyzedby the couLometric spike proceckJre. Detection Limit • 0.1Z ug (cc_t) (k_nt tirol1 • O.A u9 (tout)
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DATAFRONFIELD TEST K16

TYPE AREA DAY MICROGRAHS BADGE
A B HOUSING

CITRATEPERSONNEL1 1 13.66 c1.0 W

I I <0.04 <1.0 6

2 I )16.8 1.0 Q

2 1 1.0 _1.0 B

I 2 4.65 1.7 N

1 2 0.14 *<0.04 8

2 2 >14.3 <1.0 W
2 2 <0.04 <1.0 B

2 3 >14.3 2.7 W

2 3 0.21 *0,07 B

1 _ 5._0 <1.0 U
1 J 0.14 *<0.04 B

* AnaLyzed by the couLometric spike procedure.

Detection Limit • 0.12 ug (tout)

Ouant Limit = 0.4 ug (tout)
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DATAFR_ FIELD TEST K17

PPH

MI CROGRAMS HRS PPH BADGE

TYPE AREA DAY A B C D hCIJSI )dC

CITRATE AREA 1 TO 1 1.79 <1.0

1 TO 1 <0.0._ D

1 TO 1 <0.04 t<O.04 II

I TO 3 4.6 ¢I.0 I,/
I TO 3 0.07 B

I TO 3 <0.04 <I.0 B

I TO S 2.86 cl .0

1 TO 5 ,cO.04 B

1 TO 5 <0. Ol. II
2 TO I 1.39 <I.0 W

2 TO 1 <0.0_ l

2 TO 1 (0.04 l

2 TO 3 0.57 <1.0 V

2 TO 3 <0.04 *<0.04 l

2 TO 3 ,0.04 *<0.04 S
2 TO 5 <0.04 ¢1.0 v

2 TO _ <0.04 II

2 TO $ <0.04 II

CITRATE BLANKS 1 TO 1 1.7_ <1.0 V

1 TO 1 <0.0_, II
1 TO 3 3.7'9 <1.0 V

1 TO 3 <0.04 |

'' 1 TO S 2.7'9 "1.0 V
1 TO 5 40. O& S

2 TO 1 1.43 ¢1.0 V

2 TO 1 <0.04 *<0.04 I

2 TO 3 0.14 <I.0 V

2 TO 3 <0.04 II

2 TO $ 0.18 ,1.0 V

2 TO S <0.04 S

CITRATE PESONNEL 1 2.15 ¢1.0 W

1 "0.04 S

I 1 .&3 ¢1.0 V

1 <0.04 I

3 _0.04 I
3 <1.0 V

3 2.36 V

$ <0.04 <1.0 I

3 <0.04 <1.0 V

COL_ AREA 1 1 tt MC/VAN SLIGHT YELLOUII_AI
1 I u .

2 1 - w

2 1 " v

1 2 " "

I 2 " u
2 2 " "

2 Z " "

1 3 " u
! 3 " "

2 3 "
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DATAFRCIqFIELD TEST K17

PPI4

MI'¢ROGRkqS NRS PPK |ADGE
TYPE AREA DAY A B C D HOUSING

|MP|NGERAREA 1 1 <0.1

2 1 <0.1
1 2 <0.1

2 2 <0.1

1 3 <0.1

2 3 <0.1
1 4 <0.1

2 4 <0. I

1 S - - LOST

2 5 - - LOST

ledge ho_slng: V • _hite, I • Itack

• Samptes Imatyzed by the coutometric spike procK_re.

• e GNDOosiaeter used aS the COrOt b4dge.
It cc_tained two irdicator section:

V_||(|h _ P*O|methy[l|_zl|dehyde.

OetectlO_ Limit • 0.12 u2 (c_t)

Quant tiait • O.A uS (cc_L)
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DATAfRCl4fll[LO TEST 1:18

PPN

M[ CmOCJ_JqS NIS P_* II_CA[

TYPi[ AMEA DAY A I ¢ O HOJ$|NG

¢|TRATI[ AREA 1 1 40.04 <1.0 W
1 1 ,0.04 *,O.O& |
I 2 ,0.04 l

I 2 0.6_, ,tl.O W

I 3 0.68 W
I 3 ,cO.04 "0.0_ I

CITC_AIE PERSONNEl.2 1 1.5 <1.0 V
2 1 ¢0.0:, *¢0.0_, |
2 2 3.9 cl .0 W

2 2 _rO.O_ *,0.04 |

2 3 2.5 V

2 3 _0.04 ,0.04 I

CITIU),T[ II.LANIC 1 1 0.5 (1.0 W
I I ,0.0_ "¢0.04 I

1 2 O.S <1.0 w

I 2 .tO._ ,1.0 l

1 3 0.82 u

I 3 ,0.01, "O.OS I

¢OLCil A/tEA 1 1 ** iC/VaUl, POAII
1 1 ** ll¢/VJUl,

1 2 o* lie/VAN, SLIGM1¥|LL_]UIPDAll
1 _ o* _¢/_Ali, SLIGitT yELLOd/IPOAI

1 3 ** iC/VAI, SLIr_T YELLOU;POMI

1 3 e* ll¢/VMlo SLI_T Y|LLClUIPOAI

¢OLCl p[llS_lnl[L Z 1 ** lCtVAI.
2 1 ** NC/V_, POU

2 2 ** I_/_AI, SLI6JlTTILLCI"/_O&I

2 2 ** IC/_Ul. Si.I_Iil _l.l,_lllmq_Ul

2 3 ** NC/_AN, SL_r,_IT¥|LL_/PO_I
;t 3 ** _¢/VAI. S_.IGNTY|LLCMIIIqDIdl

Ditectl_ Limit t C.12 L.v (tout)

(luwnt limit • O.& ul (¢_t)

• Ju_tyled by ¢ou_mtrt¢ sp_.kt proce¢l_e

•. 6P_ Oo_lmlte? u_l am tl_e ¢olo_ bed_4.

It ccmt_ln_l t_o IrMIcltot secti_J:

Vital I l in _ P.Oimlthytlii_dm_llldti_Y¢il

O?
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APPENDIX D

Facility data siieets from the field testing of the citric acid sampler. The information was
collected by the industrial hygienist at the initiation of a test. It describes the area, operations, and
chemical.< in the test location.

1

'1
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/_oI

FACILITY DATA SHEET

FACILITY NAME: ._31_.l-ECH. }_7-5:_

FACILITY POINT OF CCNTACT: _.._.E_RO,,J

DATE:, 1_ru_._7_-

DESCRIPTION OF FACILITY/AREA : _..T_,_-_C__._-o.n_ I KI-SL(,, i5 r_..¢.',er_'ra:_o-,-u..Iys_'_

C,,_,d Q_.le,._,aS ,'_'t-¢-oQer, IOr-,_:AO t _,A-O,_.t-_O¢',.ToE,r_¢,._e_' (_ o,,.wv._.,'do,J$ ,,,da_,W..Co.(.,t,'_,..,.1

_._u_r_el_- _I<_. _,'I-_'_, "_s ,.-3a,coo =9 _t-. f,-c_¢',h'_._ _c:us,'n 9 _v_,='. a,_L;_r_ni-

DESCRIPTIONOF OPERATIONS :

1990015370-070



/_'07-
• ,u ,, , j ,, m

FACILITY DATA SHEET

FACILITY NAME: t41-_" ; _Tu Cl(_ .

FACILITY POINT OF CONTACT: _t_ :_- _-_'o.r_c_cL

DATE: _ - I=I_I_'I

DESCRIPTION OF FACILITYIAREA : T_e. 1419eroct=l cr_o_,r_-¢no._¢e.Fo-c,_,_- 1 CY_l-q_l ib

T_,_e_ c¢l_ c_" _OOrn b ce.,_ _ LlOcr_ed _o ewe o_._;de, toy Io_q_ P_-t1"Vl_do_rs. A

_tec_,c_n;cc,t 3_nop. Eqo;p_¢_ 5hop. o.nd O_C_c_ c-_e_ c-rE o,t_o _oco-_-ecJ

DESCRIPTION(X¢OPERATIONS:

"1"heI-II_"c_q7-96', ;b -V_-_@-r_(_r_ -_-c¢c',_,'_,,/_-o c.h¢cV.o,._r,Se,'v',¢-,o.rvJ,'¢p6,,r

CHEMICAL SUB,STANCES USED/STORED :

_..v_,.,., _,h_. Co.,-:l_..I.

,'71
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Ko3

FACILITY DATA SHEET

DESCRPTI_I OFOPERATIONS:

"me _.o _o_,,_-s_P _-u._6. _ ,._,I,_c_b,.I Ken,',_, 1 Se_c,.-C..e.-,_c,-

CHEMICALSUBSTANCESU3ED_3TOREO:

72
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Ko_

FACILITY DATA, SHEET
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 0(o
FACILITY DATA SHEET

FACILITY NAME: l:'_:el _-oro_p Areo_ w_
I

FACILITY POINT OF CONTACT: _'eff_, _J_cr_0r_

OESCRIPTIONOFFACILITY/AREA: Fv._.l 360,'_¢ J_r¢c,..I t,_,_ Ioc_.'_c_d c..4- ,.V_.e...

O,Ixd I_._ SJr_rcc_e..I_ere."L__, r,-_.e.l,_Y._'d,_.e,-,_)od:,_nn _"{'IroY-_'d(.,(_nd,nc, nc,-=.%,.-

• •

DESCRPTI<:)NOF OPERATIONS :

CHEMICAL SUBSTANCESUSED_STORED:

OY_d_ze¢_ _-_ ,_cl_d_. 1_,3z.l-I_-, _,-a_.._._,t__'G_ ' Ka(,LC_4, _'SC, ,39-5

"/4

' I
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/6o-/
FACILITY DATA SHEET

FACILITY NAME: ._._L _,r-/L T_s_ _,,I,i_/_T/:)
i

FACILITY POINT OF CONTACT: _ LI/" C_I,'_ _CdJJ/L_'S

OAT_:_-:_rS/_Z

DESCRIPTION OF FACILITY/AREA : _1/. 4_'1_" J"Kir_ L T4j_ _(,l,_ ,_ /_ c _Le._

J(_ J,;_-_f_'_, 7o_ _ _ _t _; _ _,1,t7 ;, _,._

DESC_,PT_ONOi=OPE_T_NS:"/'J__,_ b _tsl;z_2_, _C_,,_ �<�Ô�,',,2

CHF MICAL SUBSTANCES USED/STORED : 7_V_ ._,/ J'4 r-__& _,Y'_. P_/U'.t _ ;,U"

_;.,_ ';_fr,t/I ,d(._'_l,_ ,,h'l_.,,_ -_,-' ,_1,,_ ('0._ ,.,- _ _.,.I

75
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FACILITY DATA SHEET

_._,_,_Y.._: A_s_,_To__.:/;_,(_STF)
FAC_U_*O,NTOFCONTACT:./_k_-E_/_L,2Z ,r C,,;__/_/'_J

DESCRIPTION OF FACILITY / AREA : '7"_1.L. _./t._: J"_l'F_ T.zJ"t "r'_,/i'I/'_ l'J IBCO.h_l' flv_f,_J_

-_ p_.'_ _ _,ol1,,_..

"/6
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FACILITY DATA SHEET

I_o<7

o,,_.-U_-</,7
DESCRIPTICt.I OF FACILITY ' AREA "_[4_ I_o # -'J";,.','= _"c,... ,..' ;c. _'4_,,.'- _-L,.,,.'¢ _ P.,_--.,_)

P_7 i<>,_ ,l..:-< o` o__ ,.oo._.

load_,--_ pl_-,C,.-.-:. --/_ 8,_d_,,s ,..,_,-" p. /aa.d o-, -1-_.. 1o7

OESCRIP1"iONOF OPERATIONS:

1.41Xl-i 7., f> ,p _ _ 7 A> .i.._,,, o ,,4.r podp,.--=lo.=lle...,4-1;_,, {o<.e -,{-=d o.., -,_= /(A7 C--_./- /e.,.,,=/,

CHEMICAL SUE,C_TA:_CESUSED,STORED"

I"/
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FACILITY DATA SHEET

FACIL!,"Y oOl'_T OF CC',_TACT

DF_SC_'.PTION OF FACIL TY., AREA '

TA, I(cc &.k',sv,,. ,s lac,J'd Jo,J_,_ _- P_ 3q4,.o_#',4_ o-_

L#,LcLC,_lv/ ql, _l a?fro._i,,,51y101_,$ t-_ #_ #c,_..Z_-_,_, o;"

OE$C_ P _'ION 04= OPERATIONS :

CI'4EMICAL SUBSTANCES USED, STORED : fl#i_/..,p,,t

/

......... _ o_

/
m

?8
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FACILITY DATA SHEET
J410"

PACILITY NAME: ,,_,r,'/Lx'/l',tn Zi4.,'Y,'t_ f_'rCt.l_ Ll4c_e.k _YJf_
J

FACILITY POINT OF CONTACT:

DESCRIPTION OF FACILITY / AREA •

,4 _ _t,_/ y_p,.ll,.._ 1._,.) I,._.

DESCRIPTION OF OPERATIONS :

fib op_,.._,,_,_,,. /_,,,,,,j , #,,,, ,_ _1i,.,. ¢,_.4..

_vn',,) !,'sp.ll.,.t I_,_d,',_ _p.z,,._._j, 4f¢4t_ i.s f,'t_ /,._ P_-

#as p2 &_tk LL t",e,IL-_ 1,'_ lec,,[,d _ 14_ 1#7

CHEMICAL SUBSTANCES USED/STORED :

flO I*,t..

79
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FACILITY DATA ,SHEET J_l

FACILITY NAME: V_./_ _,t,k_r,_S _ _/D _ /_ g

_.c,_,__o,._o__o.m^oT:

DESCRIPTION OF FACILITY I AREA"

7,_ 't'. R,,,, _81b,'_ Ioc._td _.. /4. s,'z& _1o,,. L,;_ _ _,,.,_

o.t,./_.t .,(._t_. R,,,... /o_(, i, /,,,._t,,/ ,_ t4,,. -t_& ,tl, r, I,,J n;'.¢",

.fi bk r,_,_ _,_ Ace,s, t4.. l.,ll,,,./ #,._ t4,. r,l=.j.
DESCRIPTIONOF OPERATIONS:

CHEMICAL SUBSTANCES USED/STORED :

fl_,,.
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I FACILITY DATA SHEET,,
FACILITY NAME' _:_Il .J'_-,'r)L T_I L FJL;]I_'¢

I

FACILITY POINT OF CONTACT _¢II,;AI J_az'/_,'t
/-

DESCRIPTION OF FACILITY/AREA'

Tk,._h+SL,;*-,.,/-h_,q;_y;, IoM,2,.#L,,,,/o_rC _,_,_A,,,.4V,_,L.i,,l.,._

F,_,;I._.z+ _,_,,, ¬�o_/,,,,/_/,, , t_,./L J, _ ,.,_ (,¢,,,.z t,, _;,

I,,,_hI¢_,__,/h_IZI,.I_;,l,,k._i-;i),, _,.,.A.;,d_,.A,_,t,._;_..,,,!

,,elh _ _ d-_ M;I;I7 ,) L,cLI,,,2Lq,'jk_q,-;p... �DESCRIPTION OF OPERATIONS :

¢,. pv,_;.__ LI I,,d.

CHEMICAL SUBSTANCES USED/STORED "

_'., ,', 4,L t_l .,/,_ _,,

8Q

I°' iz
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FACILITY DATA SHEET '_ I_

FACILITY I_'AME: _.._j__tJ . • _ //_ Io

FACILITY POINT OF CONTACT:

DATE: ___,/,,

4 DESCRIPTION OF FACILITY / AREA "

I_y.. Jv;ld,,_, , I#,#_#s{. ,t4. d_. ,._ I_;,_,_o_,_, 7,2 _J o_,diz,,.,,d_,_,.,_ f,,l,,,
60L,*_1_q. _h'l, p,L.. 7& 1_.#t.._,t _,dl s,_,,,,,.-/.,.,l_d _.r_,l u41_,,,./ _ ,_ ,,,,_ _dd;,.,l.

r,f.t o4 /& _)A;/,,.,.,,_/_ cff ,_i&,..-t-_4,.Fled;_Llld. 4,_,.Zl. _,_ l,u,t'd _ _,,t_ l,.,,d Io,
p,,,d_J.__ /4,,.r,'_kf o _.- £,.rE_.,;:_vi,.P,-#.,_u,,,l,_.,,&,,,.',4._,.,,.',-m,._,t,d __,d4..,,_t,,

J C_ESCR,PI,ONO# OPEP_TIO_S :

-r;.,.#,_: ,, ,_,J _,- ,,,-o_,,_ ,',./,,,_,.,/_,',_; �à�Œ�”�;*-l,,t,_,',,',- _" "'_.

b,,,,I ._..,. ,,J,.,;#,..,_,,,,.,_ _,_ ,',,. _ _._F-_,_ M,&,- s,,,¢,_

r,,_v,-I _d _,.m,lj,.-l:,.,."_ , a,,d 3ri_h.," a.¢.t,',,,..Jy/r,,_ _._,,.to.,f.

CHEMIC_. SUBSTANCES USED/STORED :

83
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--q

._AClUTYNAME:E,v,'_,._,.,M_,_I,<r',_;l._I

DESCRIPTION OF FACILITY I/_REA :

DESCRIPTION OF OPERATIONS :

CHEMICAL SUBSTANCES USED_TORED :

go_

85
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,J , L m • -

FAO,',TYDATAS. E+ I

FACtLSTYNAME't-7-1Y.r2(E,_v,,.,.,,_.._tl._,.g4,.f-_.;I;&]),(0_']-T+p _,_ i-3"t;-r7 E_rt- fr,,.4_,.,..,f;'t-,..
FACILITY POINT OF CONTACT: ._./,,(/'- _,-O,._.,,--._

DATE: ,_Jl I./f tl

DFSCRIP rlON OF FACILITY/AREA :

7b_E,,,;,,_,,,_I #,..tt¢. _.l_7 _,_. Y+f ;, I,,,.ld ,,_.= �,¢-t_.ftt_F

_;,',_JM s,.,;_k,,, ,_ f,iL,k,... c_l 14. 7+. _.d_;_,,..,,_ tLm 14 ;;
I,...,&t ,,,._IMai? kk,d 44h _1#/. T_, L?-_-s7E,., �M,,.,.,.sfl-_ ,,_
v.,,.2 ,...r _ r_k _._#.,,_ j.,-k, :+ ;_ fft,.;,,.,.k)./ ,3 ,,,;l,. _t _t.

DESCRIPTION Of: OPERATIONS:

uz,_. LT-b'S7 £,..#Toe _,u t_ Z ,,,,t E. _ Y. _,lf,., _ fl,_l

I,i,L.

CHEMICAl. SUBSTANCES USFD/STORED •

tl lr,=,.

86
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KSC WEATHER CONDITIONS FOR 5/8-5/12/89

DAY TEMPERATURE degrees F CLOUD COVERAGE
high,low OR VISIBILITY

Mon. 518 79,54 sunny

Tues. 5/9 82,61 sunny

partly cloudy, heavy
Wed. 5/10 88,69 rains during the night

Thurs.5111 78,67 mostly sunny

Fri. 5/12 81,54 mostly sunny

TOTAL TIME EXPOSED BY DAY (MINUTES)

Areas I and II Areas llI and IV

Mon. 5/8 328 333

Tues.5/9 427 423

Ved.5/10 377 356

Thurs.5111 464 464

Frl. 5/12 340 335
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FACILITYDATASHEET

CHEMICAL SUBSTANCESUSEDb3TORED:

Tec_q,c,c._s. _n +*_- p_;n_ _'r, op r_os+ orr4e, ", _-_,_',_-cme-W_t CJ,+,,_I ._¢_ro,'_e_,

i_E._uc.- -_h_A_er_<_it_n_,. r_,A¢rcq _p',F,_s, p_cfCre4-wc_e, ae_,_¢,. _.po,M J,_n,_ner

e-Pox,1 _o.cn_-, cpo,(,.i, 10.c,_u_,,'bo.nd _,._ p,-,','_er= . _ po_:n_,o-;_o _'s

89
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I..-5-/-_ I_
FACILITY DATA SHEET

FACILITY NAME: Hh.-_.F f"x_7- c_l

FACILITY PCINT OF CONTACT: _ .'T. _3-o-r_(L

DATE: ._-_-_'/ _-I0-_. O_//. oo_

DESCRIPTIONOFFACIUTY/AREA: "l"_e. 14,/pero_o| rr_,_Jfzna._ce_ V-_c,l,_. 1 f'_-l-Oi6t i_

_ec_o,_ic_.t 5t_op, Equ;p_.e,_l" .Shop, =.rid 0_C_c¢. c=reo._ &rE _So _oco_'ed

DESCRIPTIONOFOt-ERATIONS :

_-h'q'_- k_ro_c or, q-he O_S "_od_ or_ _o_c, rci _C_ _ee,.o_e_ beCr_9 Sen_ "_

b',-*.;kd,'_.

i ii,

CHEMICAL SUBSTANCESUSED/S'_ORED :

•-b_prof, y( AXr.ohol, c_._d I,I, I "l"/,¢.t_tOfOeA_o.ne _-o Cle_x_ _,nd _,n_ra',n

9O
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